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. WQ 99/i51642 " v. . £ , 

Field of the Invention :; : ~ - •/ ':\ ' . ,. .. ■* 

The present invent 
particular.y.thepresentihvenbqhconcem^ 

function as a consequence of one or more amino acid substitutions ,n the Fc region of the honvanant 
polypeptide. The invention prelates. t*^ 

binding of an analyte.such as an Fc ^ion-containing pblypeptide. to a receptor. 

Description of Related Art 

Antioodiesare proteins, which exhibit binding specificity to a specific antigen. Nativeantibod.es . 

arausuallyheterotetran^ 

chains and two identical heavy (H) chains. Each light chain is linked to a heavy chain by one covalent 
disulfide bond, while the number of disuse linkages varies between the heavy chains of Afferent 
immunog.obu.ih isotypes. Each heavy and light chain also has regularly spaced intrachain disulfide 
bridges Each heavy chain has at one end a variabie dcmain (V H ) followed by a number of constant 
domains. Each . ight chain has a v^^ 

the constant domain of me fight chain.is a.igned v^th theT.rst con domain of the heavy chain, and 
the light cnam variab.e domain is afigned with the variab.e domain of the heavy chain. Particular amino 
acid residues are believed to form an interface between the .ight and heavy chain variable doma,ns. 

The term "variable" refers to the fact that certain portions of the variable domams differ 
extensively in sequence among antibodies: and are responsible for the binding specificity of each 
parfcularantibodyforitspa^ 
variabledomainsof antibodies. It isc^^^ 

regions (CDRs) both in the .ight chain and^the heavy chain variable domains. The more h,gh* 
conserved portions of the variable domains are ca..ed the framework regions (FR). The variable 
domains of native heavy and fight chains each comprise four FR regions, .argefy adopting a p-sheet 
conjuration, connected by three CDRs, which form .oops connecting, and in some cases form,ng part 
ofthep-sheetstructure. The CDRs in each chain are held together in close proximity by the FR regions 
and with the CDRs from the other chain, contribute to the formation of the antigen binding ste of 
antibodies (see Kabat et at. Sequences of Ff oteins of Imrnuno.ogica, merest 5th Ed. Pubfic Health 
Service, National Institutes of Health. Bethesda. MD. (1991)). 

The constant domains are not invoked directly in binding an antibody to an antigen, but exh,b.t 
vanouseffectorfunctions. Depending the amino acid seouenceof the constant region of their heavy 
chains, antibodies or immunoglobulins can be assigned to different classes. There are five mapr 
Cassesof immunoglobulins:^ IgD. IgE; IgGand IgM. and severalofthesemay be further divided ,nto 
subclasses (isotypes). e.g. .gG1. lgG2. lgG3. and <gG4; IgAl and lgA2. The heavy chain constant 
regions that correspond to the different classes of immunoglobulins are called a. .8. e. y. and u. 
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A s^hematic representation of the native lgG1 structure is shown in Fig 1 : where the various 
portions of ^heSnat^e antibody rrolecule are Indicated: » ; 

5: ideritic^ 

a residual vEc^fragment, whose name reflects its ability to crysfeillize;reaclily . The crystal structure of 
the human IgGf c region has been determined {Deisenhofe 

htiman/i^ cleavage: N-teminarto;Cys 226. The Fc 

region is central to the effector functions of antibodies 

10 The effector functions mediated by the antibody Fc region can be divided into two categories: 

(1 ) erfectonfunctions that operate after the binding of antibody to an antigeh;(^ 
participation Of the complement cascade or Fc receptor (FcR)-bearihg cells); and (2) effector functions 
that operate independently of antigen binding (these functions confer persistence in the circulation and 
the ability to be/transferred across cellular barriers by transcytosis). Ward arid Ghetie. Therapeutic 

15 Immunology 2 -77-94 (1995). 

. VVhiler binding of an antibody to the requisite antigen has a neutralizing effect that might prevent 
the: binding of a foreign antigen to its endogenous target (e.g. receptor or ligand); binding alone may not 
remdVe tKe foreign antigen To be efficient in removing and/or destruciing foreign antigens, an antibody 
should be endowed with both hi affinity binding to its antigen, and efficient effector functions. 

20 C1q binding 

' • - 

complement dependent cytotoxicity (CDC) pathway. C1 q is a hexa^alent molecule with a molecular 
weight of approximately 460,000 and a structure likened to a bouquet of tulips in Which six collagenous 
"stalks'; are connected to six globular head regions. Burton and Woof- Advances in Immunol. 51:1 -84 
25 (1992). To activate the complement cascade, it is necessary for CTq to bind to atleast two molecules 
oflgGI, lgG2, or lgG3 (the consensus is that lgG4 does not activate complement), but only one 
molecule of IgM, attached to the antigenic target. Ward and Ghetie, Therapeutic Immunology 2:77-94 
(1995) at page 80. 

Based upon the results of chemical modifications and crystallographic studies, Burton era/. 

30 (Nature, 288:338^344 (1980)) proposed that the binding site for the complement subcomponent C1q on 
IgG involves the last two (C-terminal) p-strands of the CH2 domain. Burton later suggested (Molec. 
Immunol., 22(3):161-206 (1985)) that the region comprising amino acid residues 318 to 337 might be 
involved in complement fixation. 

Duncan and Winter (Nature 332:738-40 (1988)), using site directed mutagenesis, reported that 

35 Glu318, Lys320 and Lys322 form the binding site to C1q. The data of Duncan and Winter were 
generated by testing the binding of a mouse lgG2b isotype to guinea pig C1q. The role of Glu318, 
Lys320 and Lys322 residues in the binding of C1q was confirmed by the ability of a short synthetic 
peptide containing these residues to inhibit complement mediated lysis. Similar results are disclosed 
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in U S Patent No 5,648^260 issued bntiuly 15,;1997rand U S Patent No 5,624,821, issued on April 
29,1997, ; s K f ' : ^s£' 1=1. :ii^:!<- •• r ' : '■ : ' ' 

The residue Pro331hasb^n?^ Mq binding by analysis of the ability of humahlgS 

subclasses to carry out complement mediated cell lysis Mutation of Ser331 to Pro331 in lgG4 conferred 
5 the ability to activate* cpmpiemerit- ;ftao;Qt}aL; J/Ex^ti/led^ 178:661^667 (1993); Brekke et a/:, Eur J. 
Immunol. ,M254^ 

From: the; comfiarisbn :M<^'jiial&:j^ th> Winter group, and the f ao ef a/, and Brekke et al: 
papers, Ward and Ghetfei^ at least two different regions 

involved in the bihding^^ Lys320 ahd 

10 Lys322 residues; and'the otherbn a turn lo<^ 
a key amino add residue afepbs^ 

Other reports suggested thai humane residues: Lys235, and Gly237, located in the lower 
hinge region, play a critical role in complement fix^ and activation. Xu et al. , J. Immunol: 150:1 52A 
(Abstract) (1993); :W094/29351 'published De&mber 22, 1994 reports that amino acid residues 
15 necessary for C1q and FcR binding of ^humarijgGI are located in the N-terminal region of the GH2 
domain, i.e. residues 231 to 238. 

It has further been proposed that the ability of IgG to bind C1q and activate the complement 
cascade also depends on the presence, absence or modification of the carbohydrate moiety pos!5 J or,ed 
between the two CH2 domains (which js nonrially anchored at Asn Ward and Ghetie, Therapeutic 
20 /mmuno/ogy2:77-94(1995)atpage81. • ' 

Fc receptor binding 

Effector functions can also bemediated by the interaction of the Fc region of an antibody with 
Fc receptors (FcRs), which are specialized cell surface receptors on hematopoietic cells. Fc receptors 
belong in the immunbglbbuliri supertamilyi ancf have: been shown to mediate both the removal of 
25 antibody-coated pathogens by phagocytosis of immune complexes, and the lysing of erythrocytes and 
various other cellular targets (e;g. tumor cells) coated with the corresponding antibody, via antibody 
dependent cell mediated cytotoxicity (ADGC). Van de Winkel and Anderson, J. Leuk. Biol. 49:511-24 
(1991). 

FcRs are defined by their specificity for immunoglobulin isotypes; Fc receptors for IgG 
30 antibodies are referred to as FcyR; for IgE as FceR, for IgA as FcctR and so on. Three subclasses of 
gamma receptors have beenidehtified: FcyRI (CD64), FcyRII (CD32) and FcyRIII (CD16). Because 
each FcyR subclass is encoded by twb or three genes, and alternative RNA spicing leads to multiple 
transcripts, a broad diversity in FcyR isoforms exists. The three genes encoding the FcyRI subclass 
(FcyRIA, FcyRIB and FcyRIC) are clustered in region 1q21.1 of the long arm of chromosome 1; the 
35 genes encoding FcyRII isoforms (FcyRllA, FcyRilB and FcyRIIC) and the two genes encoding FcyRIII 
(FcyRIIIAand FcyRIIIB)are all clustered in region 1q22. FcRs are reviewed in Ravetchand Kinet,>\n/?a 
Rev. /mmuno/ 9:457-92(1 991 ); Capelef al., Immunomethods 4:25-34 (1994); and de Haas et al., J. Lab. 
Clin. Med. 126:330^1 (1995). 
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While FcyRI binds monomenc IgG with a high affinity^ FcyRII; and FcyRIII are low-affinity 
. receptors; interabtirigv^ 
affinity receptors is by "rosetting " using antibqdy^a^ IgGs. Bredlus 

ef a/i evaluated rosette formation bebween IgS-sensitized ; Ted^Bl^^lls;4a 
5 : leukocytes:(PMN) w^ 

three of more:E^ bound per PtoN;(B^ 

J. Immunol. ^33(3):1 1^1 189(1 984);^agairajah and 
vVairmerdame^ 

of these EA "immune<complexes" to FcR isrhot^sijy quanti^ 
10 with^dete^ble affinity for thes 

formed using anti-light chain monoclonal antibodies (Nagarajan era/./ supra and Warmerdam et a/., 
supra) or ch6micalcross-linking agehfe^ (1994); and tamrher. 

a/. J/ Biol: Chem. 271 (7): 3659-3666(1 9^ 

evaluated' for binding to cells expressing FcRs;(Tax et alX supra and Jam et al. f supra). 
15 '. The binding site for the FcyRs on human IgG "was found to reside in the lower hinge region, 

primarily involving residues at amino acid positions 233-238, all of which were found to be necessary 
for full FcyR binding activity. Canfield and Morrison; J. Exp: /Wed; 173:1^83^91 (1991); Chappel et al, 
Proc. Natl: Acad. Sci. USA, 88:9036-40 (1991)^^ 

al., Mofec. Immunol. ■ 29:53-59 (1 992); Jefferis ef a/.; Moled. Immunol. : ; 27: 1 537-40 ( 1 990): and Sarmay 
20 et ai: t Molec. Immunol., 29:633^639 (1992): ' ? v . v; : 

Pro33i in lgG3 was changed to Ser^and the affinity of analyzed. The 

affinity was foOrid to be six-fold lower tiiah thart 6^ involvement of Pro33i 

in FcyRI binding. Morrison etal. f ImmunologisUZA 1 9-1 24 (1 994); aind Canfield and Morrison, J. Exp. 
Med. 173:1483-91 (1991). 

25 In addition, Glu318 was identified as being involved in : binding tb : FcyRII . Ward and Ghetie^ 

Therapeutic immunology 2:77-94 (1995)] 

SUMMARY OF TOE INVENTION 

The present invention provides a variant of a polypeptide comprising a human IgG Fc region, 
which variant comprises an amino acid substitution at amino acid position 270 or 329, or at two or more 
30 of aminoacid positions270 f 322, 329, and 331 of the human IgG Fc region, where the numbering of the 
residues in the IgG Fc region is that of the EU index as in Kabat 

The invention further relates to a variant of a polypeptide comprising a human IgG Fc region, 
which variant binds FcyRI, FcyRH, FcyRIII and FcRn but does not activate complement and comprises 
an amino acid substitution at amino acid position 322 or amino acid position 329, or both amino acid 
35 positions of the human IgG Fc region, where the numbering of the residues in the IgG Fc region is that 
of the EU index as in Kabat 

The invention also pertains to a variant of a parent polypeptide comprising a human IgG Fc 
region, which variant has a better binding affinity for human Clq than the parent polypeptide and 
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cbmpiises ah amino acid' substitution in the; IgG Fc region. / For example; the binding affinity of the? 
vafiarit for hurnah C1q may be about ^ the 
parent polypeptide for humari^l qr P binds^CI q and mediates CDC (for 

. exan^le, th<^p;a^ 

5 improved CI q binding; preferably :^ of amino add 

positions 326 327, 333 and 334 of the human IgG Fc region, where the numbenng of the residues in 
the IgGFc'reg^ 

in anbtheras^d;th^ provides a variant of a poly peptide comprising a human IgG Fc 

region, which Vairi^^ at amino aad position 326, 327, 333 or 334 

10 of the human IgG Fc regbn, where ; t^ the IgG Fc region is that of the EU 

index as in Kabat. ■ . ' ... >■ ;•: /■ 

In yet a further aspect, the invention prbvideis a method for modifying a polypeptide comprising 
a human IgG Fc region comprising substituting an amino acid residue at amino acid position 270 or 329, 
or at two or more of amino add positions 270. 322, 329. and 331 of the human IgG Fc region, where the 
15 numbering of the residues in the jgG Fc region is that of the EU index as in Kabat. 

the invention further provides a method for modifying a polypeptide comprising a human IgG 
Fc region comprising substituting an aminoacid residue at amino add position 326, 327, 333 or 334 of 
the human IgG Fc region, where the numbering of the residues in the IgG F> region is that of the EU 
index as in Kabat. The method optionally further comprises a step 1 Wherein a variant with improved 
20 binding affinity for human CTq is identified. 

The invention also provides a composition comprising the polypeptide variant and a 
physiologically acceptable carrier or diluent This composition for potential therapeutic use is sterile and 
may be lyophiliz&J. 

Diagnostic and therapeutic useis for the polypeptide variant are contemplated. In one diagnostic 
25 application, the invention provides a method for determining the presence 6f a protein of interest 
comprising exposing a sample suspected of containing the protein to the polypeptide variant and 
determining binding of the polypeptide variant to the sampile. In one therapeutic application; the invention 
provides a method of treating a mammal suffering from a disorder comprising administering to the 
mammal a therapieutically effective amount of a variant of a polypeptide comprising a human IgG Fc 
30 region, which variant binds FcyRI, FcyRII, FcyRIII and FcRn but does not activate complement and 
comprises an amino acid substitution at amino add position 270, 322, 329 or 331 of the human IgG Fc 
region, where the numbering of the residues in the IgG Fc region is that of the EU index as in Kabat. 

The invention further provides: isolated nucleic acid encoding the polypeptide variant; a vector 
comprising the nucleic acid, optionally, operably linked to control sequences recognized by a host cell 
35 transformed with the vector a host cell comprising the vector, a process for producing the polypeptide 
variant comprising culturing this host cell so that the nucleic acid is expressed and, optionally, recovering 
the polypeptide variant from the host cell culture (e.g. from the host cell culture medium). 

The invention also pertains to an immune complex comprising: (a) an Fc region-containing 
polypeptide; (b) a first target molecule which comprises at least two binding sites for the Fc region- 
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W t bj9?/5i:^2;/-.. : " ;"- : =vV : ./"!. PCT/US99/06858 

confeiriiri§j»^^ 

: ^ 

has a low affinity for the;Fc region-^ .:. 
.. disclos^-hereih. ; ." : - - ; ; V... /V!y?' t . ,: : ''-'J: . r [ '^':.- - ' * \ 

5 Moreover, the invention provides a methb^ of an analyte t such as an Fc 

regipn^hfeimngjpb^ 
pgrfei^ 
whereiathejf^ 
binding of j the molecular comple 
.10 coated bn aniassay plate); - Optionally; the:rrol& (a) further comprises a second 

target molecule which comprises at 1^ molecule. 

The invention also relates to an assay kit, such as a kit useful for determining binding of an ,' , 
analyte to a receptor comprising: ,^ 

for the analyte; iand (b) a second target molecule w least two binding sites for the first 

15 target molecul?; 

Brief Description of the Drawings 

Figure l is a schematic representation W Disulfide bonds are represented by 

heavy lines between CH1 and GL domain^ arid the^ V is variable domain; C is 

constant domsiin; L stands for light chain and H ; stands for heavy 
20 ' Figure 2showsG1q binding of wild type (wt)C2B8 antibody; C2B8 antibody with a human lgG2 

constant region (lgG2); and mutants K322A, K320A and E318A. 

Figure 3 -depicts C1q binding of mutants P331 A, P329A arid K322A. 
Figures 4A (SEQ ID NO:1) ahd 4B (SEQ;iD NO:2) depict the amino acid sequences of E27 anti- 
lgE antibody light chain (Fig. 4A) and heavy chain (Fig. 4B). 
25 Figure 5 is a schematic diagram of the vimmuhe complex" prepared for use in the FcR assay 

described in Example 1. The hexamer comprising three anti-lgE antibody molecules (the *Fc region- 
containing polypeptide") and three kjE molecules (the "first target molecule") is shown. IgE has two 
"binding sites" for the anti-lgE antibody (E27) in the Fc region thereof. Each IgE molecule in the complex 
is further able to bind two VEGF molecules ("the second target polypeptide"). VEGF has two "binding 
30 sites" for IgE. 

Figure 6 shows C1q binding results obtained for mutants D270K arid D270V compared to wild 
typeC2B8. 

Figure 7 depicts complement dependent cytotoxicity P(GDC) of mutants D270K and D270V, 
compared to wild type C2B8. 
35 Figure 8 shows C1q binding ELISA results tor 293 ceil-produced wild type C2B8 antibody (293- 

Wt-C2BB), CHO-produced wild type C2B8 antibody (CHO-Wt-C2B8) and various mutant antibodies. 

Figure 9 shows Ciq binding ELISA results obtained for wild type (wt) C2B8 and various mutant 
antibodies as determined in Example 3. 
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Figure 10 depicts the three^iimensionai structure of a human IgG highlighting residues: 
Asp270, Lys326, Pro329. Pro331, Lys322 and Glu333 1 

Figure 11 shows G1q binding ELISA results obtained for wild type C2B8 and various mutant 
antibodies as determined' in Example s 
5 Figure 12 sKdW^ 

K326M-E333Sand-K326A-E33% :. V '\ 
Figure 13 shoW^ 
Figure;14 depicts CI q bihd^ 
constant region (lg^ constant 
10 region (lgG2); and mutant ahtibc^i^; • . : 

: Detailed Description of the Preferred Embodiments 

I. Definitions 

Throughoutthe -present specification arid daims, the numberihjg of the residues in an IgG heavy 
chain is that of the EU index as in Kabatefa/.; Sequences ot 'Proteins ?oi 'Immunological Interest 5th Ed. 
15 Public Health Service, Natiohal lnstitutes of 

by reference: The "EU index as in Kabait" refers to the residue numbering -piT':th.e -IKuftnn^idO^^E^ij ' 
antibody. 

The term "Fc region" is us^ shown in 

Figure 1 . Although the boundaries of the Fc region of an igG heavy chain might vary slightly, the human 

20 IgG heavy chaun Fc region is usually defined to stretch from am 

the carboxyl-terminus. The term "Fd region-containing polypeptide" refers to a polypeptide, such as an 
antibody or irhmunoadhesin (see definitions below), which comprises an Fc region. 

The Fc region of an IgG comprises two constant domains, CH2 and CH3, as shown in Figure 
1 . The "CH2" domain of a human IgG Fc region (also referred to as "Cy2 M domain) usually extends from 

25 amino acid 231 to amino acid 340. The CH2 domain is unique in that it is hot closely paired with another 
domain. Rather, two N-linked branched carbohydrate chains are interposed between the two CH2 
domains of an intact native IgG molecule. It has been speculated that the carbohydrate may provide 
a substitute for the domain-domain pairing and help stabilize the CH2 domain. Burton, Molec. 
Immunol.22: 1 61-206 ( 1 985). 

30 "Hinge region" is generally defined as stretching from Glu216 to Pro230 of human igG1 (Burton, 

Molec. Immunol.22: 161-206 (1 985)) Hinge regions of other Igd isotypes may be aligned with the lgG1 
sequence by placing the first and last cysteine residues forming inter-heavy chain S-S bonds in the same 
positions. 

"C1q" is a polypeptide that includes a binding site for the Fc region of an immunoglobulin. C1q 
35 together with two serine proteases, CI r and C1s, forms the complex C1 , the first component of the 
complement dependent cytotoxicity (CDC) pathway. Human C1q can be purchased commercially from, 
e.g. Quidel, San Diego, CA. 

The term "Fc receptor" or "FcR" is used to describe a receptor that binds to the Fc region of an 
antibody. The preferred FcR is one, which binds an IgG antibody (a gamma receptor) and includes 
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rreceptors;^ 

forms of these receptors. FcRs are reviewed in Ravetch and Kinet, Annu. Rev Immunol '9 ' 457-92 

(1991); Clin: Med. 126:3304ll 
(1995). Other FcRs, including thoseto be identified in the future, are encompassed by the term "FcR" 
. •' 5 herein; ^he t^ 
maferhall^G^ 

\ ■ (1994)): ■ 7 -. - . . ;> ; v 'f. " 

The term "bind^ 
In -tfie case of an FcR; the binding dbn^in ^ 

10 the d chain thereof) which is responsible for binding ah Fa-region. One useful binding domain is the 
extracellular domain of an FcR a chain. 

The term "antibody" is used in the broadest sense and specifically covers monoclonal antibodies 
(including full length monoclonal antibodies), polyclonal antibodies, multispecific antibodies (e.g., 
bispecific antibodies), and antibody fragments sblong as they exhibit the desired biological activity, 

15 "Antibody fragments", as defined for the purpose of the present invention, comprise a portion 

of an intact antibody, generally including the antigen binding or variable region of the intact antibody, so 
long as they retain at least the CH2 region of an IgG immunoglobulin heavy chain constant domain, 
comprising amino acid residues 322, 329 s Z',d;53l; arid have the ability, alone or in combination with 
another antibody fragment, to specifibaily bind a selected, antigen. Examples of antibody fragments 

20 include linear antibodies; sihgle^chain antibody^ moieciifes; and multispecific antibodies formedifrom 
antibody fragments. The antibody fraigmenfe v p part of the hinge and optionally 

the CH1 region of an IgG heavy chain. Mbrer preferably, the; antibody fragments retain the entire 
constant region of an IgG heavy chain, and include an IgG light chain. 

The term "monoclonal antibody" as usedherein refers to an antibody obtained from a population 

25 of substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are 
identical except for possible naturally occurring mutations that may be present in minor amounts. 
Monoclonal antibodies are highly specific, being directed against a single antigenic site. Furthermore, 
in contrast to conventional (polyclonal) antibody; preparations that typically include different antibodies 
directed against different determinants (epitopes); each monoclonal antibody is directed against a singie 

30 determinant on the antigen. The modifier "monocibnar indicates the character of the antibody as being 
obtained from a substantially homogeneous population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular method .. For example, the monoclonal antibodies 
to be used in accordance with the present invention may be made by the hybridoma method first 
described by Kohleref a/., Nature 256:495 (1975), or may be made by recombinant DNA methods (see, 

35 e.g., U.S. Patent No. 4;816,567)., The "monoclonal antibodies" may also be isolated from phage 
antibody libraries using the techniques described in Clackson et a/., Nature 352:624-628 (1991) and 
Marks et a/.. J. Mof. Biol. 222:581-597 (1991), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) 
in which a portion of the heavy and/or light chain is identical with or homologous to corresponding 
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sequencesinaritibodies derived froirra partict^spe^ 

subclass,- while the remainder of the jchain(s) is identocal drhomdlbgous to corresponding 
sequences in antibodies derived from another species or belonging to another antibody class or 
subclasses weiilasfr^mienfeoftsucKa 
5 (U S Patent No. 4,816,567; and Morrison etal, Proc Natl: Acad Set USA 81 6851^6855 (1 984)). 
• • -'Humanized" forms of non^um 
minimal^sequehce derived^ 

are human immunoglobulins (recipient antibody) in which residues from a hypervanable region of the 
recipieht are replace by residU 

1 0 such as mousey rat, rabbit or nbnhuman prinrate havi^ capacity. 
In some instances, Fv framework region (FR) ; residues of the human irhmunogiobulin are replaced by 
corresponding non-Human residues. Furthermore, humanized aritibbdies r may comprise residues that 
are not found in the recipient antibody or in the donor antibody. These modifications are made to further 
refine antibody performance. In general, the humanized antibody will comprise substantially all of at 

15 least one. and typically two, variable domains, jn which all brsubistantially all of ^ loops 
correspond to those of a non-human immunoglobulin and alitor sMbstantially'all of the FR regions are 
those of a human immunoglobulin sequence. The humanized antibody optionally also will comprise at 
least a portion of an immunoglobulin constant region (Fc), typically that of a'hiJrnain immtinoglobulin. For 
further details, see Jones et al., Nature 321:522-525(1 986^ 

20 (1 988); and Presta, CurrjOp. Struct Biol. 2:593-596 (1992), ; 

. The term "hypervanable region" when used herein? refers Kt$ the amino acid residues of an 
antibody which are responsible for antige^^ acid 
residues from a "complementarity determining region" or "Cfe^^ and 
89^-97 (L3) in the light chain variable domain and- 31 -S5 50^65 (H2) ahcJ 95ri 02 (H3) in the heavy 

25 chain variable domain; Kabat ef a/., Sequences of Proteins ofirnmuhfyogmWnteresl 5th Ed! Public 
Health Service, National Institutes of Health, Bethesda, MD. (1991)) and/or those residues from a 
"hypervariable loop" (/.©. residues 26-32 (L1 ), 50-52 (L2) and 91-96 (L3) in the light chain variable 
domain and 26-32 (HI); 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and 
Lesk J. Mol. Biol. 196:901-917 (1987)). "Framework" or TR V residues are those variable domain 

30 residues other than the hypervanable region residues as herein defined. 

As used herein, the term "immunoadhesih" designates antibody-like molecules which combine 
the "binding domain" of a heterologous "adhesin" protein (e.g/a receptor, ligand or enzyme) with an 
immunoglobulin constant domain. Structurally, the immunoadhesins comprise a fusion of the adhesin 
amino acid sequence with the desired binding specificity which is other than the antigen recognition and 

35 binding site (antigen combining site) of an antibody (i.e. is "heterologous") and an immunoglobulin 
constant domain sequence. 

The term "ligand binding domain" as used herein refers to any native cell-surface receptor or 
any region or derivative thereof retaining at least a qualitative ligand binding ability of a corresponding 
native receptor. In a specific embodiment, the receptor is from a cell-surface polypeptide having an 

-9- 



WO 99/51642 " PCT/US99/06858 

extracellular domain that is homologous tp a member of the immunoglobulin supergenefemily ;Other 
rec^tbrsi-which* ^ 

specifically covered by this^ and ^particular receptors- with 

ty i*bsiheiWhase actiw meri^rsjqf^the; hernatopg ietiri ; and ;neh^; grbv^h 

.• S factor re(teptorsii^^ 

The term "recep^ 

including cell adhesion molecules; or any region or, derivative of such native ligand retaining at least a 
qualitative receptor binding ability of a corTesppricling native:, ligand. This definition! among others,, 
specifically includes binding^ 
10; An "anUbbdy^mmuhWdh^iri chim^a"f(»mpnse^s a molecule that combines at least one binding 

domain of ; ah antibody (as, herein defined)} with at least one immunoadhesin (as defiheda in this 
application). Exemplary antibody-immunoadhesiri chimeras are the bispecific CD4-lgG chimeras 
described in Berg et ai t PNAS (USA) 86:4723-4727 (1 991 ) and Chamow et at. , J. Immunol. 1 53:4268 
(1994). 

15 An "isolated" polypeptide is one that has been identified and separated and/or recovered from; 

a component of its natural environment Contaminant components of its natural environhrverit 'are 
materials that would interfere with diagnostic or therapeutic uses for the polypeptide, and may include 
erizyrhes, hormories, and otherprbfeihaceduS 

the polypeptide will be purified (1) to greater than 95% :by weight of polypeptide as determined by the 

20 Lowry method, and- most preferably ri& 

1 5 residues of N-terminal or ih^ 6f a spinning cu p sequ ehatbr, or (3) 

to homogeneity by SDS-PAGE under reducing ;or rionreducing conditions using epbrriassie: blue or, 
preferably, silver stain. Isolated polypeptide includes the polypeptide in stfir witHiri^n^m^ 
since at least one component of the polypeptide's natural environment will not be present- Ordinarily; 

25 however; isolated polypeptide will be prepared by at least one purification step. 

"Treatment' refers to both therapeutic treatment and prophylactic or preventative measures. 
Those in need of treatment include those already with the disorder as well as those in which the disorder 
is to be prevented. 

A "disorder" is any condition that would benefit from treatment with the polypeptide variant. This 
30 includes chronic and acute disorders or diseases including those pathological conditions which 
predispose the mammal to the disorder in question. 

The word "label" when used herein refers to a detectable compound or composition which is 
conjugated directly or indirectly to the polypeptide. The label may be itself be detectable (e.g., 
radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may catalyze chemical 
35 alteration of a substrate compound or composition which is detectable. 

Ah "isolated" nucleic add molecule is a nucleic acid molecule that is identified and separated 
from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the natural 
source of the polypeptide nucleic acid. An isolated nucleic acid molecule is other than in the form 1 or 
setting in which it is found in nature. Isolated nucleic acid molecules therefore are distinguished from 
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the nucleic acid molecule as it exists itf natural cells However, an isolated nucleic acid molecule 
ind^sia nucleic acid mblecOle cdhtam cellsthat ordinarily express the polypeptide where, for 
exarhole^the nucleic acid molecule is in a chra^ of natural cells, 

jh^expressfo^^ 

5 , an op^ratily^ ^th(B;a>htrol?sequences that aire 

suitable for^prpkaryptes, for example, include a promoter, optionally an operator sequence, and a 

ribrisonniekbin^ 

enhancers: .. > " ^'^-v '^^.^X^: -'V^^'^y' 1 '.'■',<?•«■■■ ; : 

Nucleic acid is "operably linked"; when; tf^ 

1 0 nucleic acid sequence; For examples DNA fbr ^pnbiequ^ is operably linkedio 

DM for avpqlypeptide if -it is expressed a^ 4 P r eP rote » n that participates in the secretion of the 
polypeptide; a promoter or enhancer is operably linked to la coding sequence if it affects the transcription 
of the sequence; or a ribbsome binding site is operably, linked to a coding sequence if it is positioned so 
as to facilitate translation. Generally, "operably linked" means that the DNA sequences being linked are 

15 contiguous, and, in the case of a secretoiy leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient restriction 
sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance 
with conventual practice: 

- As used herein, the expres^ used interchangeably 

20 and all such designations include progeny. 1 ; Thus, the words "trarisformants" and 'transformed cells" 
include the prirndry subject cell and cultures derived therefrom without regard for the number of 
transfers. It is also understood that all progeny imay not be precisely identical in DNA content due to 
deliberate or inadvertent mutations. Mutant progeny: that- have the same function or biological activity 
as screened for in the originally transformed ceil are included: Where distinct designations are intended, 

25 it will be clear from the context. 

The term "molecular complex" when uised herein refers to the relatively stable structure which 
forms when two or more heterologous molecules (e.g. polypeptides) bind (preferably noncovalently) to 
one another. The preferred molecular complex herein is ah immune complex. 

"Immune complex" refers to the relatively stable structure which forms when at least one target 

30 molecule and at least one heterologous Fc region-containing polypeptide bind to one another forming 
a larger molecular weight complex. Examples of immune complexes are antigen-antibody aggregates 
and target molecule-immunoadhesin aggregates. The term "immune complex" as used herein, unless 
indicated otherwise, refers to an ex vivo complex (be: other than the form or setting in which it may be 
found in nature). However, the immune complex may be administered to a mammal, e.g. to evaluate 

35 clearance of the immune complex in the mammal. 

The term "target molecule" refers to a molecule, usually a polypeptide, which is capable of being 
bound by a heterologous molecule and has one or more binding sites for the heterologous molecule. The 
term "binding site" refers to a region of a molecule to which another molecule can bind. The "first target 
molecule" herein comprises at least two distinct binding sites (for example, two to five separate binding 
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sites) for an arialyte (e g an Fc region-containing polypeptide) such that at least two analyte molecules 
tan bind •ttfsthe^firct 't two or? more 

bmrtng^sfe 
polypeptide): In Exam 

5 in tHe Fc region : thereof : tb antibody, E27) could 

bind. mother firsf^^ 
IL8 and VEGF) or ar^poly peptide 
(e.g. antibodies or immM^ 
binding sites (for e*ample|twb:tp^^ 
10 least two "firet target 

binding sites sire identical (e g. haying is a 

polypeptide) In Example 2, f tH^ 

sites to which the variable doniaih of ^ Other second targiet molecules are 

contemplated, e.g. other dimers of substantially identical monomers (e.g. neurotrophins or IL8) or 
15 polypeptides comprising two or more substantially identical domains (e.g. antibodies or 
immunoadhesins). 

An "analyte* is a substance that is to be analyzed. The preferred analyte is an Fc region- 
containing polypeptide that is to be analyzed forlits ability to^b to an Fc receptor; 

A "receptor* is a polypeptide capable of binding at least one ligand: Trie preferred receptor is 
20 a cell-surface receptor having an ^ralceilular ligahd-bi ndirig d onrisiin and; bptibna lly , other domains (e.g. 
transmembrane domain/ intracellular domain an^br rr^mbrane anchor). The receptbr to be evaluated 
in the assay described herein may-be aniihfiact receptor or a fragment or deiwative thereof (e.g. a fusion 
protein comprising the binding domain of the rec^ polypeptides). 
Moreover, the receptor to be evaluated for its binding properties may be present in a cell or isolated and 
25 optionally coated on an assay plate or. sbme btr^r solid phase; 

The phrase "low affinity receptpr dehotes a receptor that Has a weak binding affinity for a ligand 
of interest, e.g. having a binding; constant of about 50nM or worse affinity; Exemplary low affinity 
receptors include FcyRII and FcyRIH as weir as adhesion molecules, such as integf ins. 

A "parent polypeptide 1 ' is a polypeptide comprising an amino acid sequence which lacks one or 
30 more of the Fc region substitutions disclosed herein and/or which differs in effector function compared 
to a polypeptide variant as herein disclosed. The parent polypeptide may comprise a native sequence 
Fc region or an Fc region with existing amino acid sequence modifications (such as additions, deletions 
and/or substitutions). 

II. Modes for Carrying Out the Invention 

35 The invention herein relates to a method for making a polypeptide variant. The "parent", 

"starting" or "nonvariant" polypeptide is prepared using techniques available in the art for generating 
polypeptides comprising an Fc region. In the preferred embodiment of the invention, the polypeptide is 
an antibody and exemplary methods for generating antibodies are described in more detail in the 
following sections. The polypeptide may, however, be any other polypeptide comprising an Fc region, 
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The starting polypeptide of particular interest herein is usually one that tjinds to G1q and 
dispfays complement dependent cytotoxicity {C^0);^!I^ will 
5 generally^ 

dependent cytotoxiaty function, e.g. to reduce and preferably abolish thl^ ^f^or functions^ However, 
polypeptides comprising substitutions ait one or 
fuhctiphsa^ Forerampfe;^ 
and/or mediate GDG and may be modified arc^ 
10 effector functions. Moreover, polypeptideis with; ^ 

having the ability to mediate CDC may be .^odifi^ activities are 

enhanced. V 

To generate the polypeptide variant, one or more amino acid^alteratibns (e:g. substitutions) aire 
introduced , in the Fc region of the starting polypeptide:, Thevamina positions to be modified are 
15 generally selected from heavy chain positions 270; 322, 326, 327^3291, 331, 333, and 334, where the 
numbering of the residues in an IgG heavy chain is that of the EU index as in Kabat et a/., Sequences 
of Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, 
Bethesda. MD (1 991): The Fc region is preferably from a'human I^G iarid mcct preferably a humanlgGT 
or human 1gG3. The human lgG1 Fc region may be a human A or noh-A allotype. 
20 Proline is conserved at position 329 in human IgG's. Thfe residue is preferably replaced with 

alanine, however substitution with any other amino acid is ajntemplatedy e.g., serine, threonine; 
asparagihe; glycine or valine. 

Proline is conserved at position 331 in human IgG 1vlgG2 and lgG3, but not lgG4 (which has 
a serine residue at position 331). Residue 331 is preferably replaced by ;aiariine or another amino acid, 
25 e.g. serine (for IgG regions other than lgG4), glycine or valine. 

Lysine 322 is conserved in human IgGs, and this residue is preferably replaced by an alanine 
residue, but substitution with any other amino acid residue is contemplated, e.g. serine, threonine, 
glycine or Valine. 

D270 is conserved in human IgGs, and this residue may^be replaced by another amino acid 
30 residue, e.g. alanine, serine, threonine, glycine, valine, or lysine,* 

K326 is also conserved in human IgGs. This residue may be substituted with another residue 
including, but not limited to, valine, glutamic acid, alanine, glycine, aspartic acid, methionine or 
tryptophan, with tryptophan being preferred. 

Likewise, E333 is also conserved in human IgGs. E333 is preferably replaced by an amino acid 
35 residue with a smaller side chain volume, such as valine, glycine, alanine or serine, with serine being 
preferred. 

K334 is conserved in human IgGs and may be substituted with another residue such as alanine 
or other residue. 
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In human lgG1 and lgG3; residue 327 is an alanine In order to generate a variant with 
improved Gl^ binding, this; alart 
andlgS4;i^ 

Clq bihding/ - £ ' _ 

5 Preferably fsubsto^ 327, 333 or 334 are combined, 

optionally with other Fc regip^ ; ; ; 

and preferably im y& \% '. 

in one embodiment, only one of the eight above-identified positions is altered in order to 
generate the ppjyjpep^ 

10 Alternatively, two or. more b^ modified. If substituUons are to be 

combing, jgener^ 

333 and 334) or those which diminish human C1q binding (e.g., at residue positions 270, 322, 329 and 
331) are cbmbined: In the latter embodiment, all fburpositions (i.e., 270, 322, 329 and 331) may be 
substituted" A : variaht rtv^ the native amino acid residue at position 32i9 ; 6f the 

15 human heavy chain ^ 

a substitution of the amino acid residue at position 331 and/or substitution of the amino acid residue at 
position 322. Otherwise, the native amihb acid residue at position 331 and the native amino acid residue 
at position 322 of the. hu man IgG : Fc; reg ion may both be su bstituter* with another amino acid residue: 
One may : also combine^ an amino acid substitution at position 270 with further substitution(s) at 

20 positiori(s) 322; 329^hd/dr33i; 

DNA encoding amino acid sequence variant of the starting polypeptide is prepared by a variety 
of methods known in-the art: These hnethods include, but are not limited to, preparation by siterdirected 
(or oligonucleotide^ mutagenesis, and cassette mutagenesis of an earlier 

prepared DNA encoding^ 

25 Site-dirTCt^ mutagenesis is method for preparing substitution variants. This 

technique is well known in the art (see, e.g., Carter era/. Nucleic Acids Res. 13:4431-4443 (1985) and 
Kunkel etafcProc. Natt. Acad.Sci; USA 82:488 (1987)). Briefly, in carrying out site-directed mutagenesis 
of DNA, the starting DNA is altered by first hybridizing an oligonucleotide encoding the desired mutation 
to a single ;strand of such starting DNA. After hybridization, a DNA polymerase is used to synthesize 

30 an entire second strand, usingthe hybridized oligonucleotide as a primer, and using the single strand 
of the starting DNA as a template. Thus, the oligonucleotide encoding the desired mutation is 
incorporated in the resulting double-stranded DNA. 

PCR mutagenesis is also suitable for making amino acid sequence variants of the starting 
polypeptide. See Higuchi, in PCR Protocols, pp; 177-1 83 (Academic Press, 1990); and Vallette efa/., 

35 Nuc. Acids Res. 1 7:723-733 ( 1 989). Briefly, when small amounts of template DNA are used as starting 
material in a PCR, primers that differ slightly in sequence from the corresponding region in a template 
DNA can be used to generate relatively large quantities of a specific DNA fragment that differs from the 
template sequence only at the positions where the primers differ from the template. 
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Another method tor preparing^ is based oh the technique 

described by Wells etal. , Gene 34:31 5-323 (1985]0Th^s^ rrateria) is the plasmiti-(or other vebtor) 
corrij^sih^ the starting^ 

are identified. There rhust be a unique restH^bh ehdbriuctease s side of the identified 

5 mutation site(s). If no such restriction sit^e;«^ . 
oligohucleotide^mediated mutagenesis rnethbd;^ starting 
polypeptide DNA. The plasmidvQ^ A double-stranded 

oligonucleotide encoding the seqtie^ restriction sites- but containing the 

desired mutation(s) is synthesized 5 Using sj^da^ strands of the 

10 oligonucleotide are synthesized^ 

This double-stranded oligonudeotide is referred ;fo is designed to have 

5' and 3' ends that are compatible with the ends of the iineariied plasrhid, such that it can be directly 
ligated to the plasmid. This plasrhid now contain^ 

Alternatively, or additionally, the clesired amihb acid sequence encoding a polypeptide variant 

15 can be determined, and a nucleic acid sequence Encoding such amino acid sequence variant can be 
generated synthetically. 

the polypeptide variants) ^ prej^redi may be subjected: to further modifications, oftentimes 
depending on the intended use of the p^ly peptide. Such Modifications may involve further alteration of 
the amino acid sequence, fusion fo heterdl^ covalent modifications. 

20 For example, it may be usefuito combine : ^e abbye?amiho acid substitutions with one or more 

further amino acid substitutions that reduce orablate FciR binding: For example, the native amino acid 
residues at any one or more of heavy chain positions 233-238; 31 8 or 331 (where the numbering of the 
residues in an IgG heavy chain is that of the EU index as- in Kabat et al., supra) may be replaced with 
non-native residue(s), e.g. alanine. 

25 With respect to further amino acid sequencealterations, any cysteine residue not involved in 

maintaining the proper conformation of the polypeptide variant also may be substituted, generally with 
serine, to improve the oxidative stability of the moli^ cross linking. 

Another type of amino acid substitution serves to alter the glycosylation pattern of the 
polypeptide. This may be achieved by deleting one or more carbohydrate moieties found in the 

30 polypeptide, and/or adding one or more glycpsylatibh site^-that are not present in the polypeptide. 
Glycosylation of polypeptides is typically either N-liriked or O-liriked. Nlinked refers to the attachment 
of the carbohydrate moiety to the side chain i of j an asparagine residue. The tripeptide sequences 
asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment bf the carbohydrate moiety to the asparagine side 

35 chain. Thus, the presence of either of thesetripeptide sequences in a polypeptide creates a potential 
glycosylation site. O-linked glycosylation refers to the attachment of one of the sugars N- 
aceylgalactosamine, galactose, or xylose to a hydrb^amiho acid^ most commonly serine or threonine, 
although 5-hydroxyproline or 5-hydroxylysine may also be used. Addition of glycosylation sites to the 
polypeptide is conveniently accomplished by altering the amino acid sequence such that it contains one 
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or rriote bf^ 

may;arfso;be;made J by the addition of, or substitution bygone or more senne or threonine residues to the 

- s^ogr^ 

variant has an ammo add substitution of residue Asn 297 of the heavy chain 
5 The polypeptide variant may be subjected to one or more assays to evaluate any change in 

biological activity compared to the starting polypeptide. Forexample, the abi of the variant to bind: 
C1q and mediate complement dependent cytotoxicity (CDC) may be assessed 

- To determine CI q Binding/ a^C l q binding 
be coated 6V(Brnight!at 4°C with polypeptide va^ buffer. 
10 7^e:piate^ 

added^eac^ ^irand ihcubated for 2 hrs at room temperature: Following a further wash, 100 mI of a 
sheep anti<bmplementC1q peroxidase conjugated antibody may be added to each well and incubated 
for 1 hour at r^m temperatureiy The: plate may again 'be washed;^ 
substrate buffer c6nfeii^ng OPD } (0-phenylenediaminedihy 
15 well. The oxidation reaction, observed by the appearance of a yellow color, may be allowed to proceed 
for 30 minutes and stopped by the addition of 100 \x\ of 4.5 N H 2 SCV;The ab^ortD>ance may then 
at (4^05) nm! 

An exemplary polypeptide variant is one that displays a ''sighificantr^uc^bmin Ctq binding 1 
in:this as^y. This means that about 100|ig/ml of the polypeptide vararit displays about 50 fold or more 

20 redubtibn in Ci q binding compared to 1 0O^g/ml of a control antibody having a nonrriutated ig<3 1 Fc 
region- In the most preferred embodiment, the polypeptide variant "does not bind C1q w , i.e. 100ng/ml 
of the polypeptide variant displays about 100 fold or more reduction in:Clq binding compared to 
ipp^ig/nril of the control antibody: 

Another exemplary variant is one which "has a better binding affinity for human C1q than the 

25 parent polypeptide". Such a molecule may display, for example, about two-fold or more, and preferably 
about five-fold or more, improvement in human C1q binding compared to the parent polypeptide (e.g. 
at the IC^ values for these two molecules). For example, human C1q binding i may be about two-fold 
to about 500-fold, and preferably from about two-fold or from about five-fold to about 1000-fold improved 
compared to the parent polypeptide. 

30 To assess complement activation, a complement dependent cytotoxicity (CDC) assay may be 

performed, e.g. as described in Gazzano-Santoro etal.,J. Immunol., Methods 202:163 .(1.986). Briefly, 
various concentrations of the polypeptide variant and human complement may be diluted with buffer. 
Cells which express the antigen to which the polypeptide variant binds may be diluted to a density of 
-1x10 s cells /ml. Mixtures of polypeptide variant, diluted human complement and cells expressing the 

35 antigen may be added to a flat bottom tissue culture 96 well plate and allowed to incubate for 2 hrs at 
37°C and 5% C0 2 to facilitate complement mediated cell lysis. 50 \i\ of alamar blue (Accumed 
International) may then be added to each well and incubated overnight at 37°C. The absorbance is 
measured using a 96-weII fluorometer with excitation at 530 nm and emission at 590 rim. The results 
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may be expressed m relative fluorescent^^ 

from a standardjeurve and the percent activity as compared to nonvanarit polypeptide is reportedfor the 
polypeptide vanant of interest. ' ; 

Yet another exemplary variant "does not activate complement. For example/ 0.6 |ig/ml of the 
5 polypeptide variant displays about 6-10% CDC activity in this assay compared to a 0.6 fig/ml of a control 

activity- in the above CDC assay. 

The invention also pertains to a polypeptide variant with enhanced CDC compared to a parent 
polypeptide, e.gi, displaying about twofold to about 100-fold improvement in CDC activity in vitro oi in 
10 v/vo (e. ; g: at thete 

. Preferably the polypeptide; variant essen^ bind antigen compared to the 

nonvariant polypeptide, i:e: the binding ra^bility^ about 20 fold, e.g: no worse than 

about 5 fold of that of the nonvanarif fwfyjpeptide; Th^Bihding capability of the polypeptide variant may 
be determined using techniques such as fluorescence activated cell sorting (FACS) analysis or 
15 radioimmunpprecipitation (RIA), for example. 

The ability of the polypeptide variant to bind an -FcR may also be evaluated. Where the FcR is 
a high affinity Fc receptor, such as FcyRI or FcRn, binding can be measured by titrating jtionomeric 
polypeptide variant and measuring 

to the polypeptide variant in a standard ELISA format Example 2 below)! Another FcR binding 
20 assiay for low affinity FcRs i^ 

Preferably the vanant retains the abili^ to bind lone or more FcRs, e.g. the ability of the 
polypeptide variant to bind FcyRI, Fc^ll; FcyRI II and/or FcRn is no more than about 20 fold reduced, 
preferably no more than about : 10 fold- reduced, and most preferably no more than sibout two fold 
reduced compared to the starting polypeptide as determined in the FcyRI or FcRn assays of Example 
25 2 or the FcyRII or FcyRlll assays described in the following section. 

A. Receptor Binding Assay and Immune Complex 

A receptor binding assay has been developed herein which is particularly useful for determining 
binding of an analyte of interest to a receptor where the affinity of the analyte for the receptor is relatively 
weak, e.g. in the micromolar range as is the case for FcyRlla, FcyRllb, FcyRI I la and FcyRlllb. The 

30 method involves the formation of a molecular complex that has an improved avidity for the receptor of 
interest compared to the noncompiexed analyte. The preferred molecular complex is an immune 
complex comprising: (a) an Fc region-containing polypeptide (such as an antibody or an 
immunoadhesin); (b) a first target molecule which comprises at least two binding sites for the Fc region- 
containing polypeptide; and (c) a second target molecule which comprises at least two binding sites for 

35 the first target molecule. 

In Example 1 below, the Fc region-containing polypeptide is an anti-lgE antibody, such as the 
E27 antibody (Figs. 4A-4B), E27, when mixed with human IgE at an 1:1 molar ratio, forms a stable 
hexamer consisting of three E27 molecules and three IgE molecules. Jn Example 1 below, the "first 
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target molecule" is srtN ■ 
the human IgE Fc portion and the "secbnd.target molecule 

VEGF). Each molecule of IgE binds two molecules of VEGF. VEGF also binds tWo molecules of IgE 
per mplecule^of VEGF^ at a 2:1 molar ratio to IgE: E27 

5 hexamers, trie hexamers were- { linked : into larger molecular weight complexes via the IgE VEGF 
interaction (Fig. 5): ; ^ 
with higher ayidity than either un^ 

Otherfbrms of molecular complexes for Use' in the receptor assay?are contemplated. Examples 
comprising only an Fc reigion-cbntainihg polypepdd6:first target molecule combination; include an 
10 immunpadhesin:ligarid com full- 
length bispecific antibbcfy 

polypeptiderfirst target moleculersecbnd; target molecule combination include a nonblocking 
antibody:solublerecepto^^ receptor neurotrophih 

(Urferef^/. 4 ^ 

15 Aside from use in a receptor binding assay, the immune complexes deiscribed above have 

further uses induding evaluation of Fc regb and immune complex 

clearance //? vivo. Hence, the jmmune complex. may be administered to a mammal (e.g. in a pre-clinical 
animal study) and evaluated for its ha If-life etd. " v : ' • v r ■ ' 

To determine receptor 'binding, a polypeptide composing Fa^ of the 

20 receptor of; interest (e.£ tte^ solid 
phase,. such as an assay plate. The binding domain of the a receptor-fusion protein 

may be coated on the plate using standard procedures. Examples of receptor-fusion proteins include 
receptor-glutathione S-transferase (GST) fusion protein, receptor^itin binding domain fusion protein, 
receptor-hexaHis tag fusion protein (coated on glutathione, chitin, arid nickel coated plates, respectively). 

25 Alternatively, a capture molecule may be coated on the assay plate and used to bind the receptor-fusion 
protein via the non-receptor portion of the fusion protein. Examples include anti-hexaH is F(ab') 2 coated 
on the assay plate used to capture receptor-hexaHis tail fusion or anti-GST antibody coated on the 
assay plate used to capture a receptor-GST fusion. In other embodiments, binding to cells expressing 
at least the binding domain of the receptor may be evaluated. The cells may be naturally occurring 

30 hematopoietic cells that express the FcR of interest or may be transformed with nucleic acid encoding 
the FcR or a binding domain thereof such that the binding domain is expressed at the surface of the cell 
to be tested. 

The immune complex described hereinabove is added to the receptor-coated plates and 
incubated for a sufficient period of time such that the analyte binds to the receptor. Plates may then be 
35 washed to remove unbound complexes, and binding of the analyte may be detected according to known 
methods. For example, binding may be detected using a reagent (e.g. an antibody or fragment thereof) 
which binds specifically to the analyte, and which is optionally conjugated with a detectable label 
(detectable labels and methods for conjugating them to polypeptides are described below in the section 
entitled "Non-Therapeutic Uses for the Polypeptide Variant"). 
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As a matter of convenience, the reagents can be pro^ 
cortbinatibrt ofreagehts ; ^ 

to a receptor of interest. The components of the kit will generally be f provided in predetermined ratios. 
The kit may provide the first target molecu 
5 together The kit may further include a^^ 

(e^ the extracellular domain of the a subunit of an FcR) : U 
that binds specifically ttftheanaiytetofe 
wilfelsb be provided in the WL VVhere thed 

and cofactors required by the enzyme (e g: a provides the detectable 

10 chromophbre or fludrophore); In ad^ 

(e.g. assay and/orwash lysis; buffer) and the iikf. The relative amounts of th 
varied widely to provide for concentrations in solution of the neagents that substantially optimize the 
sensitivity of the assay. Particularly, the reagents may be provided as dry powders, usually lyophitized, 
including excipients that on dissolution^ will provide a reagent solution having the appropriate 

15 concentration. The kit also suitably includes ins 
B. Antibody Preparation 

In the preferred embodiment of the invention, the Fc region-containing polypeptide which is 
modified according to the teachings herein is an antibbdy. Techniques tor producing antibodies follow: 
(i) Antigen selection and preparation 

20 VVhere the polypeptide is an antibody; it is d 

the antigen is a biologically important polypeptide and administration of the antibody to a mammiar 
suffering from a disease or disorder can result in a therapeutic benefit in that mammal. However, 
antibodies directed against nonpoly peptide antigens (such as tumor-associated glycolipid antigens; see 
US Patent 5,091 ,1 78) are also contemplated. 

25 Where the antigen is a polypeptide, it may be a transmembrane molecule (e.g. receptor) or 

ligand such as a growth factor. Exemplary antigens include molecules such as renin; a growth hormone, 
including human growth hormone and bovine growth hormone; growth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipoproteins; alpha-1 -antitrypsin; insulin A-^chain; 
insulin B-chain; proinsulin; follicle stimulating hormone; calcitonin; luteinizing hormone; glucagon; clotting 

30 factors such as factor VIIIC, factor IX; tissue factor, and von Willebrands fiacton anti-clotting factors such 
as Protein C; atrial natriuretic factor; lung surfactant; a plasminogen activator, such as urokinase or 
human urine or tissue-type plasminogen activator (t-PA); bombesin; thrombin; hemopoietic growth factor, 
tumor necrosis factor-alpha and -beta; enkephalinase; RANTES (regulated on activation normally T-cell 
expressed and secreted); human macrophage inflammatory protein (MIP-1 -alpha); a serum albumin 

35 such as human serum albumin; Muellerian-inhibrting substance; relaxin A-chain; relaxin B-chain; 
prorelaxin; mouse gonadotropin-associated peptide; a microbial protein, such as beta-tactamase; 
DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as CTLA-4; inhibin; activin; 
vascular endothelial growth factor (VEGF); receptors for hormones or growth factors; protein A or D; 
rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor (BDNF), 
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neurbtrophin-3, -4, -5, or-6 (NT-3 NT-4/NT-5, or NT-^jwor a nerve growth factor such as NGF-p, 
plafelet-derived growth factor (PTO suclgai^^ , 

g^pwm^ddir (EGF)?tran^ 

.pi, TGF^,TGF-p3.TGF-p4; orTGF-(35; ihsuliivlikegrowth facbr-l andMI (IGF-land lGRl)^des(i#p 
5 IGF-I (brain; IGF-I),: insulin-like growth factor binding proteins, CP, proteins such as CD3, CD4; CD8, 
GDI 9 and OD20 : erythropoietin, osteoinductive immUrt6toxins;ra bone morphogenetic protein 
(BMP); ah jnterferoh such as ihferferorihalpha; • <^a^^ factors (CSFs). 

e.gr.,; M^Sff/GM-GiSF, and G-CSF; interteukiris (11^)/^ superoxide dismutase; T-cell 

receptors; surface mem such as, for example, a 

10 portion of the AIDS envelope; transport proteins; homing receptors; addressins; regulatory proteins; 
ihteghns such as GD1 1a t CD11b; teDlic, GDIS,; an iCAM, Vl^ and VGAM; a tumor associated 
antigen such as HER2, HER3 or HER4 receptor; and fragments of any of the above-listed polypeptides. 

Preferred molecular targets for antibodies enc^ present invention include CD 

proteins such as CD3, CD4, OD8, CD1 9, CD20 and CDS4; members of the ErbB receptor family such 

15 as the EGF receptor; HER2. HER3 or HER4 receptor; ;cell : adhesion molecules such as LFA-1, Mad, 
p1 50.95, VliA-4, ICAM-1 , VCAM and av/p3 integrin including either a or psubunits thereof (e.g. anti- 
GDI 1a, anti-GD1 8 or anti-Cbl 1 b antibodies); growth factors such as VEGF; lgE; blood group antigens; 
flk2/flt3 receptor, obesity (OB) receptor, mpl receptor; {JTLA-4; protein C-etc. 

Soluble antigens or fragment's thereof, optionally conjugated to other molecules, can be used 

20 asinrimuri^ 

of these (e.g. the e^acellular domain of a receptbr) can be 1 u^ed as thie immunogen. Alternatively, cells 
expressing the transmembrane molecule can be used as" the immunbgen. Such cells can be derived 
from a natural source (e.g. cancer celi lines) or may be cells which have been transformed by 
recombinant techniques to express the transmembrane molecule: Other antigens and forms thereof 

25 useful for preparing antibodies will be apparent to those in the art. 
(it) Polyclonal antibodies 
Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or 
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate the 
relevant antigen to a protein that is immunogenic in the species to be immunized, e.g., keyhole limpet 

30 hemocyariin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a bifunctional or 
derivatizing agent, for example, maleimidobenzoy I sulfosuccihimide ester (conjugation through cysteine 
residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic anhydride, SOCI 2 , 
or R^^CsNR, where R and R 1 are different alkyl groups. 

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by 

35 combining, e.g., 100 jig or 5 ng of the protein or conjugate (for rabbits or mice, respectively) with 3 
volumes; of Freund's complete adjuvant and injecting the solution intradermal^ at multiple sites. One 
month later the animals are boosted with 1/5 to 1/10 the original arnbunt of peptide or conjugate in 
Freund's complete adjuvant by subcutaneous injection at multiple sites. Seven to 14 days later the 
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animals are bled and; the; seruriri is assayed for :artibc^y *|ter^ Animals are boosted until the jliter 
plateaus. Preferably, tfie^hinral^ 
a different protein arid/or 'through a^ 
recombinant cel^ 
5 to enhance the immune response. . 

: (iii) Monocipn^l antibodies . ;. s 
Monoclonal antibbdi^ 
a/., /tetore, 256:495(1^ 

In the hybriddhria m^trtbciS^ hamster or 

10 macaque monkey, is immun^ 

capable of producing antibodies that- w the protein used -for immunization. 

Alternatively; lymphocytes may be immunized inyitto. : Lymphocytes then are fused yyith myeloma cells 
using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal 
Antibodies: Principles and /?racf/ce, pp. 59-1 03 (Academic Press, 1986)). 

15 The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that 

preferably contains one or more substances that inhibit the growth or survival of the unfused, parental 
myeloma cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridbmas typically will 
include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent the growth 

20 of HGPRT-deficient cells. 

Preferred myeloma cells are those that fuse efficiently, support stable high-level production of 
antibody by the selected aritibody-producingcells, and are sensitive to a medium such as HAT medium. 
Among these, preferred myeloma cell lines are murine myeloma lines, such as those derived from 
MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution Center, Sari 

25 Diego, California USA, and SP-2 or X63^Ag8-653 cells available from the American Type Culture 
Collection, Rockville, Maryland USA. Human myeloma and mouse^human heterqmyeloma cell lines also 
have been described for the production of human monoclonal antibodies (Kozbor; J. //nmwno/.v 133:3001 
( 1 984); Brodeur et a/., Monoclonal Antibody Production Techniques and Applications, pp. 51 -63 (Marcel 
Dekker, inc.. New York, 1987)). 

30 Culture medium in which hybridoma cells are growing is assayed for production of monoclonal 

antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies 
produced by hybridoma cells is determined by immunoprecipitationor by an in vitro binding assay, such 
as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA). 

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity, 

35 and/or activity, the clones may be subcloned by limiting dilution procedures and grown by standard 
methods (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-1 03 (Academic Press, 1986)). 
Suitable culture media for this purpose include, for example, D-MEM or RPMI-1640 medium. In 
addition, the hybridoma cells may be grown in vivo as ascites tumors in an animal. 
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.„/. . ; .The i^n^ are suitably. separated from the culture 

rnebiuit!,-aWcit^4lLiid 

: ;6xisi^ 

5 DNAericbdin^ 

procedures ;(e. g. t "by J usirig^ binding -; specifically to genes 

• encoding the heavy and light chains of the monoclonal antibodies) .The hybndoma cells serve as a, 
prefeifred ^ vectors, which 

. are then transited, into ^h^^ cells, Chinese hamster ovary 

10 (GHO^dells; or (rnyielomkcells that do rirt^ protein, to obtain the 

synthesis of rhbnoclpnal ahti bodies Iri ttie recOmbinant Host celfe. Becombi riant production of antibodies 
will bfe: described in more detsffl^b'ialOMr:.- 

In a further embodiment, antibodies or antibody^agiTOnte^ isolated from antibody phage 
libraries 'generated using the techniques; descrit^ Nature, 348:552-554 (1 990); 

15 Clackson et a/., A/afure; 352^ 

the isolation of murine and human antibodies, respectiveiy, using phage libraries. Subsequent 
publications describe the production of high affinity (nM - range) human antibodies by chain shuffling 
(Marks er a/., Bid/Technology, 1 0:779-783 (1 992)); as well as combinatorial infection and in vwo 
riBcombiriatiori ais a strategy for constructing very large phage libraries (Waterhouse et aL, Nuc. Acids. 
20 Res , 21:2265-2266 (1993)). Thus, these techniques are Viable 1 ate to traditional monoclonal 

antibody hybricJpma techniques for.isolation of monpclbnai antibodies. 

The DNA also may be modified, :for example;: by substituting the coding sequence for human 
hea\^- arid light-chain constari murine sequences (U:S. Patent No. 

4;816;567; Morrison, et a\. t Proc. Natl Acad: SciM^ or by covalently joining to the 

25 irnmunodjlobulin coding sequence all or part of the coding sequence for a non-immunoglobuiin 
polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an 
antibody, or they are substituted for the variable domains of orie aritigen-combining site of an antibody 
to create a chimeric bivalent antibody comprising one antigen^combining site having specificity for an 
30 antigen and another antigen-combining site having specificity for a different antigen. 
(iv) Humanized and human antibodies 
A humanized antibody has one or more amino acid residues introduced into it from a source 
which is non-human. These non-human amino acid residues are often referred to as "import" residues, 
which are typically taken from an "import" variable domain. Humanization can be essentially performed 
35 following the method of Winter and co-workers (Jones ef a/., Nature. 321 :522-525 (1 986); Riecbmann 
era/.. Nature, 332:323-327 (1988); Verhoeyen eta!:, Science, 239:1534-1536 (1988)), by substituting 
rodent CDRs or CDR sequences for the corresponding sequences of a human antibody. Accordingly, 
such "humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially 
less than an intact human variable domain has been substituted by the corresponding sequence from 
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a non-human species In practice humanized antibodies are typically human antibodies in which some 

CDR :r^idu£sar^ 

antibcxlibs. 

The choice of human vanable domains; both light ;and hea\ry;;to ; be used in making the 
:■' 5 humahi^^ntibo^ antigenicity;;; ;foc^jnj£to ;the : so-called w best-iRt" 

metoqd/trfe 

of kno\flm;human/variable-domain sequences: The humamsequence which 1 is closest to that ofHhe- 
rbdent^iS:thehJaccep 

7rwriunc%-1^ 
10 particular 'frairiewor^de 

subgroup ofrlight or. heavy chains: the same framework may be used for several different humanized 
antibodies (Carter etaC 

(1993)).'-. • \ -■■■•>, ■ '. : < . '■ , ■ 

It is further important that antibodies be humanized with retention of high affinity for the antigen 

1 5 and other favorable biological properties. To achieve this goal, iatcording to a .preferred method, 
humanized antibodies are prepared by a process of analysis of the parental sequences and various 
conceptual humanized ; products using three-dimensional models of the parental and humanized 
sequences.; Three-dimensional immunoglobulin rir>1els are cdmrnonly available and are familiar to 
those skilled ^tn J the art Computer programs are available whibh illustrate and display probable- three- 

20 dimensional conformational structures of selected candidate immunoglobulinsequences. Inspection of 
these displays i^rmits analysis of ^ likely role of the residues in the functioning of the candidate 
immunoglobulin sequence, 7. e., the analysis of residues that influence the ability of the candidate 
immunoglobulin to Bind its antigen • In this way , FR residues can be selected and combined from the 
recipient and import sequences so that the desired antibody charactenstic, such as increased affinity 

25 for the target antigen(s), is achieved! In general, the CDR residues are directly and most substantially 
involved in influencing antigen binding: 

Alternatively, it is now possible to produce transgenic animals (e g:; mice) that are capable; 
upon immunization, of producing a full repertoire of human antibodies in the absence of endogenous 
immunoglobulin production. For example, it has been described that the homozygous deletion of the 

30 antibody hea vy-chain joining region (J H ) gene in chimeric and germ-line mutant mice results in complete 
inhibition of endogenous antibody production. Transfer of the human germ-line immunoglobulin gene 
array in such germ-line mutant mice will result in the production of human antibodies upon antigen 
challenge. See, e.g., Jakobovits era/., Prvc. Natt. Acad. Set. USA, 90:2551 (1993); Jakobovits et al., 
Nature, 362:255-258 (1993); Bruggermann et ai, Year in Immuno:, 7:33 (1993); and Duchosal eta!. 

35 Nature 355:258 (1992). Human antibodies can also be derived from phage-display libraries 
(Hoogenboom et a/., J. Mof. 6/o/., 227:381 (1991); Marks et ai, J Mof. Biol., 222:581-597 (1991); 
Vaughan et al. Nature Biotech 14:309 (1 996)). 
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(v/ Multispocific -antibodies . : , 
: ( VrMujtispfecificantibodies'have'bi different'antigens. :■ While-such 

molecules normally w^^^ • . 

additional specificities such as trispedfic antibodies are encompassed by this exp 
5 herein. Examples of BsAbs include those with on^af m;d^ • •;:•:(■;>■; 

oth^ 'arm directed against a - 
p185 HE ^<^R^^ ahti^CD3^nti- 

;p$7;;.'aKti^ 
anti-CD3/anti-m 
10 CMtofian^ 

folate^, binding p^ 

B^Abs with one arm which binds specifically to a^mor antigen and one arm which binds to a toxin such 
as ariti-sapbrin/anti-ld-1V ahti-CD2^a : 
CEA/anti-ricin A chain, antinnterferon-ct (IFN-^ alkaloid; 
15 BsAbs for converting enzyme activated prodrugs such as-an phosphatase;(whjdi 
catalyzes conversion of mitomycin phosphate prodrug^ 

as fibrinolytic agents such as anti-fibrin/anti-tissueplas™^ anthfibnn/anti-uroWhase- 
type plasminogen activator (uPA); BsAbs for targeting immune complexes to cell surface receptors such 
as anti-low density lipoprotein (LDL)/anti-Fc receptor (a FcyRill); BsAbs for use in 

20 therapy of infectious diseases such as ahti^D3/anti4ierpes simplex virus (HSV), anti-T-celi 
receptor:CD3 complex/antH'nfluen^, arrt^ 

such as anti-CEA/anti-EOTUBE, anti-CEA/anti-DPf A, anti-pi 85 HER2 /anti-hapten; BsAbs as vaccine 
adjuvants; and BsAbs as diagnostic tools such as anti-rabbit IgG/anti-ferritin, anti-horse radish 
peroxidase (HRP)/anti-hormone,an^^ anti-HRP/anti-FITC,anti-CEA/ahti- 

25 p-galactosidase. Examples of trisp^ific antibodies include anti-CD^ 

CD5/anti-CD37 and anti-CD3/anti-CD8/anti-CD37.Bispe prepared as fulllerigth 

antibodies or antibody fragments {e.g. FOab'k bispecific antibodies). 

Methods for making bispecific antibodies are known in the art. Traditional production of fall 
length bispecific antibodies is based on the cpexpressbn of two immunoglobulin heavy chain-light chain 

30 pairs/where the two chains have different specificities (Millstein ef a/.\ Nature, 305:537-539 (1983)): 
Because of the random assortment of immunbglpbuiiri heavy and light chains, these hybridbririas 
(quadromas) produce a potential mixture of 10 different antibody molecules, of which only one has the 
correct bispecific structure. Purification of the correct molecule, which is usually done by affinity 
chromatography steps, is rather cumbersome, and the product yields are low. Similar procedures are 

35 disclosed in WO 93/08829, and in Traunecker ef a/., EMBO J. % 10:3655-3659(1991). 

According to a different approach, antibody variable domains with the desired binding 
specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain 
sequences. The fusion preferably is with an immunoglobulin heavy chain constant domain, comprising 
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at least part of the hinge, CH2, and CH 3 regions It is preferred; to have the first heavy-chain constant 
region (SHI^ 

DNAs encoding the ^ imrtuhc^lbbulirt heavy- c 

are inserted info separate expression vectors, and are co-transfected into a suitable host organism This 
5 provides fb^ j^r^at flexibility (in adjusting the mutual proportions of-tfie three polypeptide 
embodiments when u^^ 

optimum yields: it 'is? however; possible to insert^ 
chlains in ;one^ 

results in high-yfeids or when thie; raitios are of no particular significance. 

10 In la preferred embc^imentpf this approach, the bispecific an 

immunoglobulin heavy chain s a hybrid immuhogldbulin 

hesivy chains-light chain pair (providing a second binding specificity) in the other arm. It was found that 
this asymmetric structure facilitates the separation of the desired bispecific compound from unwanted 
immunoglobulin chain combinations, as the presence of an immunoglobulin light chain in only one half 

15 of the bispecific molecule provides for a facile way of separation. This approach Is disclosed in WO 
94/04690. For further diBtafls of generating bispetific antibodies see, for example, Suresh et al., Methods 
in Enzyrriology. 121:210 (1986). 

According to Sahottfer approach described in W096/27011 , : the interface between a pair of 
antibody molecules can be engineered to maximize the percentage of -Keterbdimers which are recovered 

20 from recombinant cell culture. The preferred interface comprises at least apart of the C H 3 domain of an 
antibody constant domain. In this method, one or more small amino add side chains from the interface 
of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or tryptophan). 
Compensatory "cavities" of identical or similar size to the large side chaih(s) are created on the interface 
of the second antibody molecule by replacing large amino acid side chains with smaller ones (e.g. 

25 alanine or threonine). This provides a mechanism for increasing the yield of the heterodimer over other 
unwanted end-prodiicts such as homodimers. 

Bispecific antibodies include cross-linked or "heteroconjugate" antibodies. For example, one 
of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies 
have, for example, been proposed to target immune system cells to unwanted cells (US Patent No. 

30 4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089). 
Heteroconjugate antibodies may be made using any convenient cross-linking methods. Suitable cross- 
linking agents are well known in the art, and are disclosed in US Patent No. 4,676,980, along with a 
number of cross-linking techniques. 

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies 

35 can be prepared. Tutt era/. J. tmmunol. UJ: 60 (1991). 

While the polypeptide of interest herein is preferably an antibody, other Fc region-containing 
polypeptides which can be modified according to the methods described herein are contemplated. An 
example of such a molecule is an immunoadhesin. 
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C; - Immunoadhesin Preparation v , - : h- 

the simplest and most straightforward immunoadhesin design combines the binding domain(s) 
of the adhesin ,(e.g. the extracellular .domain j(ECD) t of a recepbO -WithMhe Fc region of ah ; 
irnmuriqglobu^ ; 
5 nucleic acid encoding the binding domain of the adhesin will be fused C-terminally to nucleic acid 
encoding the N-terminusof ari irrimunogto 
are also possible. -- : ;\"-* ! 

Typically, in such fusions the ehcoded:^^ retain at least functionally active 

hinge, C H 2 and C H 3 domainsof the cx)ns^^ heavy chain. Fusions are also 

10 made to the C-temiinus of the Fc pbrt^ N-teirninal to the C„1 of 

the heavy chain or the corresponding ^ion o^^^ The precise site at which the fusion is 

made is not critical; particular sites are well known and may be selected in order to optimize the 
biological activity, secretion, or binding characteristics of the immunoadhesin. 

In a preferred embodiment, the adhesinisequence is fused to the N-terminus of the Fc region 

15 of immunoglobulin G 1 (IgG,), It impossible to fa^ the adhesin 

sequence. However, more preferably,; a s^Ue^ region just upstream of the 

papain cleavage site which Refines !gG:Fc;£ta residue 216, taking the first residue of heavy 

chain constant region ic be 114), or analogous is used in the fusion. In 4 

a particularly preferred embodiment the a^^ to (a),the hinge region 

20 and C H 2 and C H 3 or (b) the C^tti^ IgG heavy chain. 

For bispecific immunoadhesjns, i the immMn^dhesins are assembled as multimers, and 
particularly as heterodimers or heterptetramers; ^Generally, these assembled immunoglobulins willhave 
known unit structures. A basic four chain structural unit is the form in which IgG, IgD, and IgE exist A 
four chain unit is repeated in the higher molecular ^ight immunogipbulins; IgM generally exists as a 

25 pentamer of four basic units held together by <d isi^d^ tx?nd s; i gA globu li n , and occasionally IgG globulin, 
may also exist in multimeric form in serum. In the case of multimer, each of the four units may be the 
same or different 

Various exemplary assembled immunoadhesins within the scope herein are schematically 
diagrammed below: 
30 (a) AC L -AC L ; 

(b) AC H -(AC H , AC r AC H , AG l -V h C„, or y L C L -AC„); , 

(c) AC L -AC H -(AC L -AC„,: Ae t -V H Q H . ViCl -AC„ t orVtC L -V H C„) 

(d) AC U -V„C M -(AC„, or Ae L -V H e„, or^C^AC„); 

(e) V L G L -AC„-(AC L A^C„, or V^^ACh); and 
35 (f) (A-Y) n -<V L C L -V„C H ) 2 , 

wherein each A represents identical or different adhesin amino acid sequences; 
V L is an immunoglobulin light chain variable domain; 
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r A/^is;ah; immunoglobulin heavy^ 
C L is an immunoglobulin (light chain constant domain^ 
C H is an immunoglobulin heavy chain constant domain, 
n is an integer igreater than 1 * . 3 y • 

5 Y designates the residue of a covalent cros^lintang agent . 

in the interests of brevity the foregoing structures only 1 show^lcey features, they do not indicate 
joiriihg/( jv of the immunoglobulins, nor are^isiulfide^ where 

such domains are required for binding activity, they shallbe constructed to be present in the ordinary 
locations which they occupy in the immunoglobulin rnol^Ctiieis:, 
10 Alternatively, the adhesin sequences can be inserted betwren immunpglobuliri heavy chain and 

light chain sequences, such that an immunoglobulin comprising a chimeric heavy chain is obtained. In 
this embodiment, the adhesin sequences are fused to the 3' end of an immuhogldbulin heavy chain in 
each arm of an immunoglobulin, either between the hinge and the C„2 domain, or between the C H 2 and 
C H 3 domains. Similar constructs have been reported by Hoogenbopm, ef a/., Moi Immunol 28:1027- 
15 1037(1991). 

Although the presence of an immunoglobulin light chain is not required in the immunoadhesins 
of the presiFiit inverition, an immunoglobulin light chain mijght be presient either covalehtly assroiated to 
an adhe^inrimmunoglobulin heavy chain fusion polypeptide, or directly; fused to the adhesin. In the 
former case, DNA ; encoding an immunoglobulin light Chain - i^ typically ^ex with the DNA 

20 encoding the. adhesin-immurioglobulin heavy chain fusion protein. heavy 
chain arid the light chain will be covalently associated to provide ah immunoglbbuiin-like structure 
comprising two disulfide-linked immunoglobulin hiMvy cl^ain-lightc^ suitable for the 

preparation of such structures are. for example, disclosed in U.S. Patent No. 4,816,567, issued 28 March 
1989. 

25 Immunoadhesins are most conveniently constructed by fusing the cDNA sequence encoding 

the adhesin portion in-frame to an immunoglobulin cDNA sequence. However, fusion to genomic 
immunoglobulin fragments can also be used (see. e.g. Aruffb et a!. t Cell 61:1303-1313 (1990); and 
Stamenkovic et a/., Cell 66:1133-1144 (1991)). The latter type of fusion requires the presence of Ig 
regulatory sequences for expression. cDNAs encoding IgG heavy-chain constant regions can be 

30 isolated based on published sequences from cDNA libraries derived from spleen or peripheral blood 
lymphocytes, by hybridization or by polymerase chain reaction (PCR) techniques: The cDNAs encoding 
the "adhesin" and the immunoglobulin parts of the immunoadhesin are inserted in tandem into a plasmid 
vector that directs efficient expression in the chosen host cells. 

D. Vectors, Host Cells and Recombinant Methods 

35 The invention also provides isolated nucleic acid encoding a polypeptide variant as disclosed 

herein, vectors and host cells comprising the nucleic acid, arid recombinant techniques for the production 
of the polypeptide variant. 
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^For recombinant prpduchion oivt nucleic acid encoding it is isolated " 

; and inserted into . 
eritottng^ 

by fusing oligonucleotide pro 
5 polypeptide variant^M^^ 

. ^limited'to^pri^ 

genes, an^fencfcr^ termination sequence. 

' (i) Signal sequence component • — . . 

10 also ias a fusion polypeptide wit^ 
other 06lypeptjdehaVi 

The heterologous signal sequence selected preferably is one that is recognized and processed (/.e:, 
cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do not recognize and 
process the native polypeptide variant the; signal sequence is substituted by a 

15 prokaryotic signal sequence selected, for example, from , the group of the alkaline phosphatase, 
penicillinase, Ipp, or heat-stable enterotoxin II leaders. For yeast secretion the native signal sequence 
may be substituted by .e.g., the yeast ihvertas^Jeader, a factor leader (including Sacc/7a/omyces and. 
Kfuyv^myces i-fad6^ieadehs);-oraddipho 

the signaldescnbed in W expression, mammalian signalseqdehcfes^ 

20 well as viralsefcretdtyll&dfer^^ available. 
The DN A for such ^ 

variant '' 1 

(ti) Origin of wpiicati^ 
Both expression and clohihg vectors cbntain a nucleic acid sequence that enables the vector 
25 to replicate in one or more selected' hbk oeHsSG^nerally , in cloning vectors this sequence is one that 
enables the vector to replicate independent chromosomal DNA, and includes origins of 

replication or autonomously replicating sequences. Such sequences are well known for a variety of 
bacteria, yeast and viruses! Ifie iirigm^ from the plasmid pBR322 is suitable for most 

Gram-negative bacteria, the 2u plasmid origin is suitable for yeast, and various viral origins (SV40, 
30 polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian expression vectors (the SV40 origin may 
typically be used only because it contains the early promos 
(Hi) Selection gene component 
Expression and cloning vectors may contain a selection gene, also termed a selectable marker. 
35 Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g., 
ampicillin. neomycin, methotrexate, ortetracycline, (b) complement auxotrophic deficiencies, or (c) 
supply critical nutrients not available from complex media, e.g., the gene encoding D-alanine racemase 
for Bacilli. 
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. Qne example of a 1 ^(ecibon ^eme Utilize a d arrest growth of a host cell: Those tells 
that-are successfully trans^ confernng drug resistance 

andJiM^stirti^ 

mycophenolic acijd and hygromycin -t . « ^ ' 

5 ,1- ;AnbWe^ 

identification of celis cbm^^ acid; such as-DHFR, thymidine 

kinase, -metaH^ 

omiihiha^ . • -j : ^/v^;^ 

Fdrexariiple,^ all 
1 0 of the transformants in:a culture medium that contains methotrexate (Mtx), a competitive antagonist of 

DHFR. Ari app ropriate host cell AA^en wild DHFR j£ hamster ovary (CHO) 

cell line deficient in DHFR activity! 

Alternatively^ host cells (particuiarly : wildrtype /hosts that contain endogenous DHFR) 

transformed or co-transformed with DNA sequences encoding polypeptide variant wild-type DHFR 
15 protein, and another selectable rra 3-phosphbtransferase (APH) can be 

selected by cell growth in medium containing a selection agent for t^ marker such as an 

aminoglycoside antibiotic, e.g., kanamycin, neomycin; or G41 8: Siee U S. Patent No. 4,965,199. 
Ai suitable selection ^gene for use in yeast is;fe 

(StinchcombW^ for a mutant 

20 strain of-yeast lacking the ab 

Genefrcs, 85: 12 11 977). The presence of the f/p1 lesion in the yeast host cell genome then provides an 

effective erwifohmeht for del^ti Similarly, 

Leu2-deficierit yeast strains (ATCC 20- 622 or 3B, 626) areicbmplement^ by^knowri piasmids bearing 

the /Le</2 gene. ' " tu^< : _^ 

25 In addition, vectors derived from the 1.6 jim circular plasmid pKD1 can be used for 

transformation of Kluyvervmyces yeasts. Alternatively, an expression system for large-scale production 

of recombinant calf chymosin was reported for k. iacUk Van den Berg; Bio/T echnolbgy, 8: 1 35 (1990). 
Stiable multi-copy expression vectors for secretion of mature recombinant human serum albumin by 

industrial strains of Ktuyveromyoes have also been disclosed. Fleer et a/., Bio/Technology \ 9:968-975 
30 (1991). 

(iv) Promoter component 
Expression and cloning vectors usually contain a promoter that is recognized by the host 
organism and is operably linked to the polypeptide variant nucleic acid. Promoters suitable for use with 
prdkaryotic hosts include the phoA promoter;; p-lactamase and lactose promoter systems, alkaline 
35 phosphatase, a tryptophan (trp) promoter system, and hybrid promoters such as the tac promoter. 
However, other known bacterial promoters are suitable. Promoters for use in bacterial systems also will 
contain a Shine-Dalgarno(S.D.) sequence operably linked to the DNA encoding the polypeptide variant. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich 
region located approximately 25 to 30 bases upstream from the site where transcription is initiated. 

-29- 



•• WO 99/51642 ; ■ ■> - ^^0^ V^. ' ' PCTAJS99/0685i8 

Another s^uence found;70 to 80^ b 
ONCAATr^ioriv^ 

sequence that may be the signal for addition bfjthe poly A tail to the 3' end of the coding sequence. AH 
bftti'esa^^ 
5 Exar^ples^ suitable prt^ 

3-phosphoglycerate kinase or other glycolytic enzymes^ 
dehydrogenase, hexokihase, .pyruvate ^decarboxylase, phosphofruc^ 

isomerase, 3-phosprioglycerate mutase, pyruvate kinase tnosephosphate ispmerase, phosphoglucose 
isomerase; and glucokmase. ■• 
10 Other yeast pronrcrters; ;wh^ advantage of 

transcription controlled by girpwth conditibhs, 

isocytochrome C, acid phosphatase, degradative enzymes assbdateci with nitrogen metabolism, 
metallothioneiri, glyceraIdehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and 
galactose utilization. Suitable vectors arid promoters for Use in yeast expression are further described 

15 iriEP 73,657. Yeast enhancers also are advantag^usly used with yeast prompters. 

Polypeptide variant trahscriptibn from vectors in mammalian host cells is controlled, for example, 
by promoters obtained from the genomes of virusessuch as polyoma Virus, fowlpox virus, adenovirus 
(such as Adenovirus 2), bovine papilloma virus, avian sarcoma ^ a retrovirus, 

hepatitis-B virus and most preferably Simian Virus 40 (SiV40)^ 

20 e.g., the actin promoter or an immunoglobulin p heiat^shbck ; promoters, provided such 

promoters are compatible with the host celt systems. 

The early and late promoters of the SV40 virus are cbrivehieritly bb^inkJ as an SV40 restriction 
fragment that also contains the SV40 viral origin of replication. The iriihriediate early promoter of the 
human cytomegalovirus is conveniently obtained as a H A system for 

25 expressing ON A in mammalian hosts using the bovine papillbrna virus as a vectbris disclosed in U.S. 
Patent No. 4,419,446. A modification of this system is described in U.S. Patent No. 4;601,978. See also 
Reyes et a/., Nature 297:598-601 (1982) on expression of hunhan interferon- cDN A in mouse cells 
under the control of a thymidine kinase promoter from herpes simplex virus. Alternatively, the rous 
sarcoma virus long terminal repeat can be used as the promoter. 

30 (v) Enhancer element component 

Transcription of a DNA encoding the polypeptide variant of this invention by higher eukaryotes 
is often increased by inserting an enhancer sequence into the vector. Many enhancer sequences are 
now known from mammalian genes (globin, elastase, albumin, a-fetoprotein, and insulin). Typically, 
however, one will use an enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer 

35 oh the late side of the replication origin (bp 100-270); the cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See also Yaniv, 
Nature 297:17-18 (1982) on enhancing elements for activation of eukaryotic promoters. The enhancer 
may be spliced into the vector at a position 5' or 3* to the polypeptide variant-encoding sequence, but 
is preferably located at a site 5' from the promoter. 
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(vi) Transcnptton termination component y 
/ Expr^ion vecte^ animal; human, on .■ 

nucleated cells from other ; multicellular bfganisms) r w • sequences necessary for the 

termination of transcription and for stabilizing the:mRNA. Such sequences are commonly available from 
5 the 5' and, bc^sionally 3\ untranslatedTegions.of euteryotic or viral DNAs or cDNAs. These regions 
contain nucleotide segmentsi tran^ 

mRNA encoding the polypeptide variant One useiful trariscriptid 

growth horirndne polyadenylation region: See W094/1 1026 ^^and the expression vector disclosed therein. 
jvii) Selection and tmrisfom^ 
10 Suitable host cells for cloning or expre&i^g^ are the prokarypte, 

yieast, or higher eukarypte cells described ai^ve^ |^ prolfcaryotes^fbr this purpose include 
eubacteria, suc^ as Gram-negative or Gram-positive prgani 

as -Escherichia, e.g., E. coli, Enterobacter, EmniaSW^ Salmonella, e.g., Salmonella 

typhimuhum, Serratia, ag., Serratia marcescahs, and Shigella, as well as Bacilli such as B. subtilis and 

15 a licheniformis {e.g., B. licheniformis 41P disclosed ih : D& ;26iS;710 published 12 April 1989), 
Pseudomonas such as P. aeruginosa, and Stmptomyces. One preferred E co// cloning host is E. coli 
294 (ATCC 31 ,446), although other strains such as co// 
W31 10 (ATCC 27,325) are suitable. These examples iare illustrative rather than limiting. 

in addition to prokaryotes, eukaryotic micrpbesfisucb as filamehtous fungi or yeast are suitable 

20 cloning of expression hosts for polypeptide variant4hcbding vectors- Saccharomyces cerevisiae, or 
common baker's yeast, is the most commonly used; among lower eukaryotic host microorganisms. 
However, a number of other genera, species, and strains afe commonly available and useful herein, 
such as Schizosaccharbmycespombe\ Kluyveipm^^h^ X iactis, K. fragiiisiATCC 

12,424), K. bulgaricus (ATCC 16,045), /C wicteramii (ATCC \ 24; 1 78), K. waltii (ATCC 56,500);; K. 

25 drosophilarum (ATCC 36,906), K . thermotolerkns, and K. marxianus; yarrdwia (EP 402,226); Pichia 
pastohs (EP 183,070); Candida; Thchodemia; rees/a (EP 244,234); Neurospora crassa] 
Schwanniomyces such as Schwanniomyces V occidentalism and filamentous fungi such as, e.g., 
Neurospora, Penicillium, Tolypocladium, and Aspergillus hosts such as A. hidulahs and A. niger. 

Suitable host cells for the expression of glycosylated polypeptide variant are derived from 

30 multicellular organisms. Examples of invertebrate cells include plarit and insect cells. Numerous 
baculoviral strains and variants and corresponding permissive insect host cells from hosts such as 
Spodopterafmgiperda (caterpillar), Aedes aegypti 7 (mosquito), Aedes albopictus (mosquito), Drosophila 
me/anogaster (fruitfly), and Bombyx moh have been identified. A variety of viral strains for transfection 
are publicly available, e.g., the L-1 variantol Autogmphacaiifbmica HPV and the Bm-5 strain of Bombyx 

35 moriWPV, and such viruses may be used as the virus hierein' according to the present invention, 
particularly for transfection of Spodoptera frugiperda cells. 

Plant cell cultures of cotton, com, potato, soybean, petunia, tomato, and tobacco can also be 
utilized as hosts. 
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However interest has been greatest in vertebrate, cells : and pro of vertebrate cells in 

culture (tislsde culture) has become'arbuti 
are r^ 

lirifc r X293vor ^ J. Gen, Virol 36:59 

5 (107% babyfe 
IJriau^^ 

Reprod 23 243^251 (1980)); monkey kidney cells (CVI ATep GGL 70), Afncan green monkey kidney 

cells)(VE'RO-76; AlCC CRL-1 587); human cervical (^rqno^ ATCG CCL 2); canine 

kidney cells (MDtK ATCC CCL 34);:biifbld MK^^^mt 3A^ATGC CRL 1442); human lung cells 
10 (W138, ATCCCCL 75); hurnan liver ceslls (Hfe^ te2f;H^^65>- mouse mammary tumor (MMT 060562, 

ATGG GGL51);; TRI cells (Mather et ^Ahhal^N:^ 5 cells; FS4 

cells; and a human hepatoma line (Hep G>2). 

Host cells are transformed with th^ • or cloning vectors for 

polypeptide variant production and cultured in conventional nutrient media modified as appropriate for 
1 5 indiicing promoters, selecting transfonrants, or amp the desired sequences. 

(viiij Culturing the host cells 
The host cells used to produce the polypeptide variant of this invention may be cultured in a 

variety of media. Commercially available media such; as Ham's F10 (Sigma), Minima! Essential Me^ 

((MEM), (Sigma); RPMI-1 640 (Sigma), and:Dulte^s:M6difi^d Eagfe's Medium ((DMEM), Sigmai) iare 
20 suitable for culturing the host cells. In addition, any of the media described in Ham ef a/., Meth. Enz. 

58:44 (1979); Barnes et a/., Anal. 0/ocA)em.1O2:255 (1980), U.S. Pat Nos. 4,767,704; 4,657;866; 

4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO 87/001 95; or U.S. Patent Re. 30,985 may be 

used as culture media for the host cells: Any of these rnedia may b 

hormones and/or other growth factors (such as insulin, transferrin or epidermal growth factor), salts 
25 (such as sodium chloride, calcium; magnesiurn, and phosphate); buffers (such as HEPES), nucleotides 
(such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™ drug), trace elements (defined 
as inorganic compounds usually present at final concentrations in the micromolar range), and glucose 
or an equivalent energy source. Any other necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled In the art The culture conditions, such as 
30 temperature, pH, and the like, are those previously used with this host cell selected for expression, arid 
will be apparent to the ordinarily skilled artisan. 
(ix) Polypeptide variant purification 

When using recombinant techniques, the polypeptide variant can be produced intracellularty, 
in the periplasmic space, or directly secreted into the medium. If the polypeptide variant is produced 
35 intracellularty. as a first step, the particulate debris, either host cells or lysed fragments, is removed, for 
example, by centrifugation or ultrafiltration. Carter era/., Bio/Technology 10:163-167 (1992) describe 
a procedure for isolating antibodies which are secreted to the periplasmic space of E. coli. Briefly, cell 
paste is thawed in the presence of sodium acetate (pH 3.5), EDTA, and phenylmethylsurfonylfluoride 
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(PMSF) over about 30rmin. Cell debn 

is secreted into the medium, supemateritsftom such expression systems are generally first concentrated 
using a commercially available proteinfconce^^ 
jjlti^filt^ 
5 'ihhibiiprbt^i^is and antibiotic 

The polypeptide vanant composition prepared from the <^lls can be purified using^ for example, 
hydroxylapatite chromatography, gel electrophoresis^ diaiysis;^^^ with;affinity 
chrorhatography being the' preferred purification;^ The suitability of protein A as an affinity 

ligand depends on the species and isbtype of any immunoglobulin Fc- region that is present in the 

10 . polypeptide variant. Protein A can be used to purify polypeptide A^Hari 

y2, or y4 heavy chains (Lindmark ef ah , /' Immunol. . Jl^ih l .!^>1Kl3 a (1"083))/ -Prolein G is recommended 
for all mouse isotypes and for human y3(Guss ef a/.. EAIBO J: 5:15671575 (1986)). The matrix to which 
the affinity ligand is attached is most; often agarose^ Mechanically 
stable matrices such as controlled pbre;glasS;Or:pbl^ 

15 and shorter processing times than can ^be achievedxwith agarose. . Where the polypeptide ;yariant 
comprises a C H 3 domain, the Bakerborid ABX T " resin t. Baker, Phillipsburg- NJ) is useful for 
purification. Other techniques for protein purification such as fractionation on ah ion-exchange column, 
ethanol precipitation, Reverse Phac^ HPUC, chrorratography^ b heparin 
SEPHAROSE™ chromatography on an ianion or cation Exchange resin (such as a pblyaspartic acid 

20 column), chrbmatofocusing, SDS-PAGE, ahii : arh^riium sulfate precipifetion "Sre also available 
depending oh the polypeptide variant td be-re<^^ri»dl;"' > ^ iv i: - 

Following any preliminary purification step(s), the mixture comprising the polypeptide variant of 
interest and contaminants may be subjected to l lbw pH hydrophobic iriteractio 
an elution buffer at a pH between about 2.5^4.5, preferably performed at low- salt concentrations 

25 (e. g.. from about 0-0.25M salt). 

E. Pharmaceutical Formulations 

Therapeutic formulations of the polypeptide variant are prepared for storage by mixing the 
polypeptide variant having the desired degree of purity with optional physiologically acceptable carriers, 
excipients or stabilizers (Remington's Pharmaceutical Sciences 16 th edition, Ospl, A. Ed. (1980)), in the 

30 form of lyophilized formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are 
nontoxic to recipients at the dosages and concentrations employed, and include buffers such as 
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and methionine; 
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; 
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl paraberis such ais 

35 methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresbl)Vlow molecular 
weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other 
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carbohydrates ihdudirig glu chelating agehts such as EDJA. sugars such 

&s;§iicr6sd;i^^ v 
(e.g., Zn-prbtein complex^ 

polyethylene'glycd.(|?EQ);. ■ .\ j : \; , / / \ l/&i;~£ t Y:\^&'J "^.H'-i \ \ ■ ' \^> : .'V- ; :/ 

5 Theformijl^^ 
particular indication be^ 
affj^teach oth£r. ^ 

the puippse iritendied. ■ 'V ■ 

The active ingr^ients nniay 
10 coacervatibn techniques or by inteHacialjw^ 
microcapsule and |»ly^methylm 

systems (for example,, liposomes, albumin microspheres, microemuisions, riano-particles and 
nanpwpsules) or in macroemulsidns 

Sciences 16th edition, Osol. A. Ed:^1980). ; : r 4 V 

15 The formulations to be used ifor in v/vo. administration \ must " be sterile. This is readily 

accomplished by filtration through stenle filtratbri 

Sustained-release preparation Suitable examples of sustained-rejease 

preparations include serrt£kn^ 

variant, which matrices areWtfe^ 
20 sustained-release matrices include polyesters, hydrbgeis (ifor exaftpile, F^ly(2 l Hydrb^ethyl- 

methac^late); or p6ly(vinylalcbhpl));pc^ 

acid and y ethyi-L-glutamate,non^egra^ lactic acid-glycolic acid 

copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of iadic acid-glycolic 
acid copolymer and leuprdlide acetate), and poly-^(-)-3-hydroxybutyric acid. Whiie polymers such as 

25 ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 1 00 days/certain 
hydrogels release proteins for shorter time periods. When encapsulated antibodies remain in the body 
for a long time, they may denature or aggregate ias a result of exposure to moisture at 37°C, resulting 
in a loss of biological activity and possible changes in immunogenicity. Rational strategies can be 
devised for stabilization depending on the mechanism involved. For example, if the aggregation 

30 mechanism is discovered to be intermodular S-S bond formation through thio-disulfitie interchange, 
stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, 
controlling moisture content, using appropriate additives, and developing specific polymer rhatrix 
compositions. 

F. Non-Therapeutic: Uses for the Polypeptide Variant 

35 The polypeptide variant of the invention may be usfed as an affinity purification agent In this 

process, the polypeptide variant is immobilized on a solid phase such a Sephadex resin or filter paper,, 
using methods well known in the art. The immobilized polypeptide variant is contacted with a sample 
containing the antigen to be purified, and thereafter the support is washed with a suitable solvent that 
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will)rem6ve:substaritial^ sarnplejexc^ to fc& purified; which is bounds 

to the: jnv^baj^ 

as glyclnefbCiff^r^ pH 5.0, that will release the antigen from the polypeptide variant. 

The polypeptide variant may also be usefui in diagnostic a^y^;;a^;^ 
5 of an antigen of interest in specific cells, tissues/ or serum. . 1 < 

For diagnostic applications;^ the polypeptide variant typically;will be labeled withra detectable, 
moiety. Numerous; labels are available :which (^n 

(a) Radioisotopes, such as 35 S, 14 C, 125 l : 3 H, and 131 l The polypeptide vanant can be 
labeled with the radioisotope usin^the techniques described ;jn CurrentPmtocoIsM 

10 Volumes 1 and 2, Cdligen et al., Ed! ivvll^-lhtersdericei New York, New York Pubs. (1991) for example 
and radioactivity can be measured using scintillation counting; 

(b) Fluorescent labels such as rare earth chelates (europium chelates) or fluorescein and 
its derivatives, rhodamine and its derivatives, dansyl, Lisisamine;, phycoerythri 

available!. The fluore^ 

1 5 disclosed iri Current Protocols MmtnunoJogy, supra, for exairhple; Fiuorescerice can be quantified using 
a fluorimeter 

(c) Various enzy me-substrate labels are available and U. S. Patent No. 4,275, 149 provides 
a review of some of these, the enzyme generally catalyzes a chemical alteration of thb chron/jcjenic 
substrate that can be measured using various techniques, r-br exa catalyze a 

20 color change in a substrate, which can be measured spebtrophotbiTi i^lternatively, the enzyme 

may alter tfefludrescence or chemiiurriinescenceof the substrate/T^ change 
in fluorescence are descHbed above. The chemilurhinesceht substrate b^mes electronically excited 
by a chemicarreaction and may then emit light which <»n be 

example) or donates energy to a fluorescent acceptor. Examples of enzymatic labels include liiciferases 
25 (e.g., firefly luciferase and bacterial luciferase; U.S. Patent No. 4.737,456); luciferin, 2,3- 
dihydrophthalazinediones. malate dehydrogenase, urease, peroxidase such as horseradish peroxidase 
(HRPO), alkaline phosphatase, p-galactosidase. glucoamylase, lysozyme, saccharide oxidases (e.g., 
glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase), heterocyclic oxidases 
(such as uricase and xanthine oxidase), lactoperoxidase, microperoxidase.and the like. Techniques for 
30 conjugating enzymes to antibodies are described in O'Sullivan ef a/.. Methods for the Preparation of 
Enzyme-Antibody Conjugates for use in Enzyme Immunoassay, in Methods in Enzym. {e6 J. Langone 
& H. Van Vunakis), Academic press, New York, 73:147-166 (1981). 

Examples of enzyme-substrate combinations include, for example: 

(i) Horseradish peroxidase (HRPO) with hydrogen peroxidase as a substrate, wherein the 
35 hydrogen peroxidase oxidizes a dye precursor (e.g.orthophenylene diamine (OPD) or 3,y;5,5- 

tetramethyl benzidine hydrochloride (TMB)); 

(ii) alkaline phosphatase (AP) with para-Nitrophenyl phosphate as chromogenic substrate; 

and 
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:(«!) p-b^ialactosidase ((£[>Gal),with a chromogemc substrate (e.g., p-nitrophenyl-p^D-. 
galadpsidase^ 

^Numerous other er^me-substrate w / 
general^ 

5> Sometimes, the label is ; indirect)y conjugated with the polypeptide vanant The skilled artisan 

- will^bevaware technique> fbr:ab^ 

mentioned above can be 

cbriju^at^ ;Wth avidin, or v/ce versa: Biotin/binBs to avidin/and thus, the label can be 

conjugated with the polypeptide variant in this indirect manner. Altematrvely, ; to achieve indirect 
10 conjugation of the label with toe polypeptide va with a small 

hapten (eig., digbxin) and one of the different typesofte^ 

hapten polypeptide variant (e.g., anti-digoxin antibody}. ^ of the label with the 

polypeptide variant can be achieved. 

r In another embodiment of the invention, the polypeptide variant need not be labeled, and the 
15 presence thereof can be detected using a labeled antibody which binds to the polypeptide variant. 

. The polypeptide variant of the present invention may ^ ^rriplpyedin any known assay method, 
such as competitive binding assays, direct and indirect sandwich • assays, and immunoprecipitation 
assay- . l^^Mohocto^^ 'nc. 1987). 

The polypeptide vananf may also be^ 
20 poly peptide variant is labeled with a radionuclide(such as 1 ^ 1 1 hr 99 Tc, 14 fe; 131 1/: 125 l , ; 3 Hr or 35 S) so that 
the antigen or c^lls e^ 

G. tn Vivo Uses for the Polypeptide Vanant 

it contemplated that the polypeptide^nanfiof the^preserit invention may be used to treat a 
mammal e g. a patient suffering from a disease or disorderwho could benefi administration of the 
25 polypeptide variant. The conditions which can be treateWith the polypeptide variant are many and 
indudecancer(e.g. where the polypeptide variant binds ^ 

such as asthma (with an anti-lgE antibody); and LFA-mediated disorders (e.g. where the polypeptide 
variant is an anti-LFA-1 or anti-ICAM-1 antibody) etc. :VV^ variant does not bind 

complement, but retains FcR binding capability, exemplary diseases or disorders to be treated include: 

30 cancer (e.g. where ADCC function is desirable, but complement activation would lead to amplified side 
effects, such as vasculitis in the blood vessels at the tumor site); disorders treated with an agonist 
antibody; disorders wherein the polypeptide variant binds a soluble antigen and wherein stoichiometry 
leads to immune complexes which activate the complement cascade and result in unwanted side effects; 
conditions employ ing an antagonist antibody which downmodulates receptor function without damaging 

35 tissueor organ function; intravenous immunoglobulin treatment for, e.g., immunodeficient individuals with 
autoimmune disorders. 

The polypeptide variant is administered by any suitable means, including parenteral, 
subcutaneous, intraperitoneal, intrapulmonary; and intranasal, and, if desired for local 
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immunosuppressive treatment, intralesiorial administration. Parenteral infusions include intramuscular, 
intfwenbusrintraarteriai/ intrapert 

variant Is suitably administered by . pulse -in^ of the polypeptide 

variant. . Preferably the dosing is g 
5 irijectiohs.-dependingJn part.dn.whether.the: ; iadmlnlstra .. • - - 

For the prevention or treatment of disea^; the appropriate dosage:^ polypeptide variant will 
depend on the type of disease to be Seated, the severity andi{cpurse/Of,t^ 
polypeptide variant is administeredfarpre^ previous therapy, the patent's 

clinical history and response to tlfeipdlypeptide attending physician; 

10 The polypeptide variant is suitably^ « 
Depending on the type and; severity 6t abcilit 1 |ig/kg to 15;mg/kg (e.g., 0;1- 

20mg/kg) of polypeptide variarit is an initia the patient, whether, 

for example, by one or more separate administrations, or by continuous infusion. A typical daily dosage 
might range from about 1 pg/kg to 100 mg/kg or morei depending on the factors mentioned above. For 

15 repeated administrations over several ;days:br J ;lqnger v depending on the condition, the treatment is 
sustained until a desired suppression of disease symptoms occurs. However, other dosage regimens 
may be useful. The progress of this therapy is easily m^ and assays. 

The polypeptide variant composition A Islered in a fesHidn 

consistent with good medical practice. Facto include the particular 

20 disorder being treated, the particular mammarbeingVtreated, the clinical condition of the individual 
patient, the cause of the disorder, the site of ddivery of the aigent. the method of administration, the 
scheduling of administration, and other fectore ^ The "therapeutically 

effective amount" of the polypeptide variant to be administered will be governed by such considerations, 
and is the minimum amount necessary to pfe^ a disease or disorder: The 

25 polypeptide variant need not be, but is optionally ; fom\uiated one or more agents currently used to 
prevent or treat the disorder in question. Theieffective amount of such other agents depends on the 
amount of polypeptide variant present in the formulation; thiB type of'disorder or treatment, and other 
factors discussed above. These are generally used in the same dosages and with administration routes 
as used hereinbefore or about from 1 to 99% of the heretofore employed dosages. 

30 The invention will be more fully understood by reference to the following examples. They should, 

not, however, be construed as limiting the scope of this invention. All literature and patent citations 
mentioned herein are expressly incorporated by reference. 

EXAMPLE 1 
Low Affinity Receptor Binding Assay 

35 This assay determines binding of an- IgG Fc region to recombinant FcyRlla, FcyRllb and 

FcyRllla a subunits expressed as His6-glutathione S transferase (GST)-tagged fusion proteins. Since 
the affinity of the Fc region of lgG1 for the FcyRI is in the nanomolar range, the binding of lgG1 Fc 
mutants can be measured by titrating monomeric IgG and rheasuring bound IgG with a polyclonal antl- 
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IgG in a standard ELISA format (Example 2 below), -The affinity of the other members of the FcyR family; 
i.e. FcyRlla, FcyRllb arid FcyRllla for IgG'is howeverinlhe'microrfralarrange and binding of monomeric 
lgG1 for these receptors can not be reliably measured man ELISA format. 

the following assay utilizes Fc^mutants of recombinant anb-lgE E27 (Fiigures4A ahd 4B) which; 
5 when mixed with huma^^ 
molecules and thr^ 

and consists of a human ■ IgE Fc region.^ antibody. (Presta et ai. Cancer 

Research 57:4593-4599 (1 997)) Which- binds ^o VE When 
recombinant human VEGF is add^ at a 

1 0 are linked into larger molecular weight^mple^ interaction:; The'E27 

component of this complex bind 
permit detection in an ELISA format s 

MATERIALS AND METHODS 
Receptor Coat Fey receptor a subunits were expressed as GST fusions of His6 tagged 

15 extracellular domains (ECDs)in 293 cells resulting in an ECD-6His-GST fusion protein (Graham et al: 
J. Gen. Virol. 36:59-72 (1977) and Gorman ef at. DA/A ProtEng. Tech 2:3-10 (1990)) and purified by 
Ni-NTA column chromatography (Qiagen, Australia) and buffer exchanged info phosphate buffered 
saline (PBS). Concentrations were determined by absorption at 280hm u:Vng extinction coefficients 
derived by amino acid composition analysis: Receptors were coated onto Nunc F96 maxisorb plates 

20 (cat no. 439454) at 100ng per well by adding 100 |xl of receptor-GST fusion at 1 jig/ml in PBS and 
incubated for 48 hours at 4°CV Prior to iassay, plates are washed 3x with 250 p\ of wash buffer (PBS pH 
7.4 containing 0.5% TWEEN 207**) and blocked with 250 I of assay buffer (SOmM Tris buffered saline, 
0.05% TWEEN 20™, 0.5% RiA grade bovine albumin (Sigma A7888), and 2mM EDTA pH 7.4) 

immune Complex Formation Equal mblar amounts;( 1 :1 ) of E27 and recombinant chimeric IgE 

25 which binds two moles recombinant human VEGF per mole of chimeric IgE are added to a 12 x 75mm 
polypropylene tube in PBS and mixed by rotation for 30 minutes at 25°C. E27 (anti-lgE) /chimeric IgE 
(IgE) hexamers are formed during this incubation. Recombinant human VEGF (165 form, MW 44,000) 
is added at a 2:1 molar ratio to the IgE concentration and mixed by rotation an additional 30 minutes at 
25°C. VEGF- chimeric IgE binding links E27:chimeric IgE hexamers into larger molecular weight 

30 complexes which bind FcyR a subunit EGD coated plates via the Fc region of the E27 antibody. 

E27 -.chimeric /g£ VEGF (1:1:2 molar ratio) complexes are added to FcyR a subunit coated 
plates at E27 concentrations of 5 jig and 1 ng total IgG in quadruplicate in assay buffer and Incubated 
for 120 minutes at 25°C on an orbital shaker. 

Complex Detection: Plates are washed 5x with wash buffer to remove unbound complexes 

35 and IgG binding is detected by adding 100 \x\ -horse radish peroxidase (HRP) conjugated goat anti- 
human IgG (y) heavy chain specific (Boehringer Mannheim 1814249) at 1:10,000 in assay buffer and 
incubated for 90min at 25°C on an orbital shaker. Plates are washed 5x with wash buffer to remove 
unbound HRP goat anti-human IgG and bound anti-IgG is detected by adding 100 \i\ of substrate 
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solution (0 4mg/ml o-phenylenedaimine -dihydrochlonde Sigmal P6912 6 ; mM HJQ^ in PBS) and 
incubating fo^Smin^ 

colorimetric product is measured at 490 nm on a 96 well plate densitometer (Molecular Devices) Binding 
of :E27 mutin^fa^ 
5 ///.". , / . . jE^MF^Ei )■•'■'' ^ . 

Identification of Unique C1q Binding Sites in a Human IgG Antibody 
In^j^rekenfstudy^ 
"C2B8 M (Reff e^/^ood 83:435 0994)); that abla^ 

the conformation of the ahtibody nor affect binding to -eadi- pfi ; ^e Fcyife: iE^vaianine ; scanning 
10 mutagenesis, five mutants in human lgG1 were identified. D270K, D270V, K322A P329A, aridP331, that 
were non-iytic ahd had debased binding to 
in human IgGI is different fbm thatbf murine lgG2b. jfratfdit^ 

to bind normally to the CD20 antigen, and to four Fc receptors, FbyRI, FcyRII, FcyRIII and FcRn. 

MATERIALS AND METHODS 

15 Construction of C2B8 Mutants: The chimeric light arid heavy chains of anfcCD20 antibody 

C2B8 (Reff et a/:, Blood 83:435 (1994)) subcloned separately into previously described PRK vectors 
(Gorman etal.. DNA Protein Eng. Tech:,2\Z (1 990)) were used: By site directed mutagenesis :(K^ 
etaL, Pmc.Natl.Acad.Sti.USA 82:488 (1985)), alanine scan variants of the Fc region in the heavy chain 
were constructed! The heavy and light chain plasmids were cb-frahsfected into an adenovirus 

20 transformed human embryonic kidney cell line as previously described (Werther etal:,- J. tmmundl. 
1 57:4986 (1996)). The media was changed to serum-free 24 hours ^ftier tran^fedbri arid the secreted 
antibody was harvested after five days: The antibodies were purified using Protein A-SEPHAROSE GL- 
4B™ (Phaimacia), buffer exchanged and concentrated to 0.5 mlwUh PBS using a Centricon-30 
(Amicon), and stored at 4°C. The concentration of the antibody was determined using total Ig-binding 

25 ELISA. :5 

C1q Binding EUSA: Costar 96 well plates were coated overnight at 4°C with the indicated 
concentrations of C2B8 in coating buffer (0.05 M sodium carbonate buffer); pH 9: the plates were then 
washed 3x with PBS/ 0105% TWEEN, 20™, pH 7.4 and blocked With 200 M I of ELISA diluent without 
thimerosal (0.1M NaP04 / 0.1M NaCI / 0.1% gelatin / 0.05% TWEEN 20™/ 6.05% ProCliri300) for Ihr 

30 at room temperature. The plate was washed 3x with wash buffer, an aliquot of 100^1 of 2 ng/ml C1q 
(Quidel, San Diego, CA) was added to each well and incubated for 2 hrs at room temperature. The plate 
was then washed 6x with wash buffer. 100 |if of a 1:1000 dilution of sheep anti-complement C1q 
peroxidase conjugated antibody (Biodesign) was added to each well and incubated for 1 hour at room 
temperature. The plate was again washed 6x with wash buffer and 100 \i\ of substrate buffer 

35 (PBS/0.012% H 2 0 2 ) containing OPD (0-phenylenediaminedihydrochloride (Sigma)) was added to each 
well. The oxidation reaction, observed by the appearance of a yellow color, was allowed to proceed for 
30 minutes and stopped by the addition of 100 pi of 4.5 N H 2 S0 4 . The absorbance was then read at 
(492-405) nm using a microplate. reader (SPECTRA MAX 250™, Molecular Devices Corp.). The 
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appropnate controls were" run. in. parallel (/ e the: E LISA was performed without C1q for each 
concentration^, C2B8,used and al^ the ELISA was performed without C2B8). For each mutant, C1q . 
V binding was measured by plotting the absorbance (492-405) nm versus concentration of C2B8 in ^g/mJ 

usin^bppii^n^ ^ 
5 Goni^/e/n \ \ i 

as: pr^viously^described (Gazzano-Sa Various .--» 

cohcentratiisri ;■">"'.'. V-V? 

7.2)/2mM Glutamm^ 1:3 
in FtHB: buffer and WIL2-S cells (available ;from "the the CD20 
10 antigen were diluted to a density of 1 x 1 0 9 cells /ml with RHB:buffer. Mixtures of 150 ^il containing equal 

voluntas^ : 

mediated ceHtysis 50^1 of alamar blue (Aecumed t: lrite 
incubated overnight ^ 
15 at 53^ 

in relativefl^^ 

curve arid tfiejp^ent actiyity as compared to wild 1 type C2B8 is reported fqreach mutant. 

. . ; C2B8 MuiaritS^ GD20 

lantigen were assessed by i a rrietted ;. previously ' described :(Reff^eta/i t : (1 9*94);: supra; reviewed in 

20 G^zaho^anbrp ef a/., (1996); supra). W1L2-S cells WereVown;fon;3-4.days to a celldensity of 1 x 
1 0 B 'cells/mL The cells were washed and spun twice in and 
resuspended to a cell density of 5 x : 10 6 ceHs/ml. 200 ^il ofi<^lls f (5 x;10 6 cells/ml) and 20 \i\ of diluted 
C2B8 samples were added to a 5 ml tube and incubat^iati: room i tern for 30 minutes with 

agitation. The mixture was then washed with 2 ml of cold FACS bu and . resuspended 

25 in 200 ^1 of cold FACS buffer. To the suspension, 1 0 \i\ of goat antj^human ; lgG-FITG (American Qualex 
Labs.) was added and the mixture was incubated in the; darlc at room tempei^tuf^ter 30 minutes with 
agitation. . After incubation, the mixture was washed withi2^ and 
resuspended in 1 ml of cold fixative buffer (1% formaldehyde in: pBS):v;The samples were analyzed by 
flow cytometry and the results expressed as relative fluorescence units: (RFU) were plotted against 

30 antibody concentrations using a 4-parameter curve fitting program "(KALEIDAGRAPH™). The EC-*, 
values are reported as a percentage of that of the C2B8 reference material: , • 

FcyR Binding EUSAs: FcyRI a subunit-GST fusion was coated onto; Nunc F?6 maxisorb plates 
(cat no .439454) by adding 1 00 \i\ of receptor-GST fusion all jig/mMn RBS and incubated for 48 hours 
at 4°er Prior to assay, plates are washed 3x with 250 pi of wash buffer (PBS pH 7.4 containing 0;5% 

35 TWEEN 20™) and blocked with 250 nl of assay buffer (50mM Tris buffered saline. 0 05% TWEEN 20™, 
0.5% RIA grade bovine albumin (Sigma A7888), and 2mM EDTA pH T«4). Samples diluted to 10ng/ml 
in 1 5ml of assay buffer are added to FcyRI a subunit coated plates and incubated for 120 minutes at 25°C 
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on an orbital shaker Plates are washed 5x with wash buffer to remove unbound complexes and IgG^ 

bind ing is dfet^tted by adding 100/^ 

(yj heavycfiaihispecific (BbebririgetMannhj^ 

90min at 25°C on an orbitalshater::;W remove unbbundiHRP 

5 goat anti-human IgG and bound anthlgG is detected by adding 100 ^1 of substrate solution (0 4mg/ml 
o^pheriylenetiaimine dihydrochioride, Sigrtia;? Pifd^ 2 ^ 6 m Kfl ; H^Qi^^?^) and incubating for 8 min at 
25°C; Enzymatic reaction is stopped- byrtherad^^ product 1 is 

measured at 490 nm on a 96 welUplate densitometer fMol^lar.Devices). Binding', of yariantis 
expressed as a;percent of the wild;type rTiqlecuIe; : ^ f • ; • . 
10 . FcyRII and III binding ELI$As were perfomied as 1 above. 

i For measuring FcRn binding activity, of IgG variants, ELISA plates were coated with 2 yg/ml 
streptavjdih (Zymed, South San Francisco) inV5^ 

blocked with PBS-0.5% BSA, pH 7.2. at room tempe^ture for one hour. Bjotinylated FcRn (prepared 
using biotin-X-NHS from Research Organics, Cleveland, OH ;^nd used at 1-2 ng/ml) in PBS-0.5% BSA, 
15 0.05% : polysorbate 20, pH 7.2, was added to the plate: and incubated for one hour. Two fold serial 
dilutions of IgG standard (1.6-100 ng/ml) or variants in PBS-0.5°/o BSA; 0.05% polysorbate 20, pH 6:0, 
were added to the plate and incubated for two hours. Bound IgG was detected using peroxidase labeled 
goat F(ab') 2 anti-human IgG F(ab') 2 in the above pH . 6.0 buffer (Jaickson lm 

PA) followed by 3,3\5,5'-tetramethyl benzidine (l^ the substrate. Plates 

20 were washed between steps with PBS-0.05%;pol]^ 6.0. Absorbance was 

read at 450 nm on a Vmax plate reader (MblecMla^ Titration curves were fit 

with a four-parameter nonlinear regression curye-fitting>prog^ra^ Synergy software, 

Reading, PA). Concentrations of IgG variants corresponqi ng to the midrppint absorbance of the titration 
curve of the standard were calculated and then : divided 6^; the concentration of the standard 
25 corresponding to the mid-point absorbance of the standard titration curve. 
RESULTS AND DISCUSSION f ■ " : 

By alanine scanning mutagenesis, several single point notations were constructed in the CH2 
domain of C2B8 beginning with E31 8A, K320A and K322A. All the mutants constructed bound normally 
to the CD20 antigen (Table 1 ). 
30 Tablet 





wt 


E318A 


K320A 


K322A 


P329A 


P331A 


FcRn 


+ 


+ 


+ 


; + 






CD20 


+ 


+ 


+ 


+. 


+ 




FcyRI 


+ 


+ 


+ 


+ " 


+ 


+ 


FcyRII - 




+ 


••••I • "'■■*. • 


: + - 


+ 




FcyRIII 


♦ 


• + 


■■..+ 






+ 


*C1q 


+++ 
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CDC: 





























: {('+);indicates:bindihg 

*V\mh respect to .Clq. binding, each + sign is equivalent to approximately. 33% binding. . 

/> -.- ^y^eMre-bindirig' pfHutaaftctt^ 

of E318A and K320A to activate 
5 1 ) : VjKett bbmpaired to wild type C2B8; there appears^ bindingif E31 8A ahcl i 

: k320A to C1q. Therels only a 1 6% decreiise in : th£ biridirigtf^ a 30% decrease in the 5 , 

bindiiricj <of E318A to C1q (Fig. 2). The results indicate that theleffect of the-E318A : and the K320A 
substitution on complement actfr^ minimal. Also, the human.lgGI of C2B8 wa& 

substituted for human lgG2 and used a^n^atife ^ 
.10 appe^ to have a much lower affinity^ Thus^thS- 
results demonstrate that E318ahd-^ 

Conversely, the K3^ substitution ^ activity and Gtq 

binding.; The K322A mutant did not have CDG assay andiwas; 

more than a 100 fold lower than wild type C2B8 in binding to G1q (Fig: ?). In the human system, K322 
1 5 is the only residue of the proposedcore Clq bjnta 

complement activation and CI q binding: i 
Since the Duncan and Winter study; was performed using mouse lgG2b and the above results 
reveal that K32Q and E3^ 

any one theory, the above data suggest that the G^ . 

20 of the human. To investigate this furthieir and alsoto^^ 

and hence do hot activate complement, several more point mutations in the vicinity of K322 were 
constructed as assessed from the three dimensional structure of the C2B8 Fc. Mutants constructed, 
K274A, N276A, Y278A, S324A. P329A; P331A. ;K334A, and T335A; were assessed for their ability 1 to 
bind C1q and also to activate complement Many of these substitutions had little or no effect on Clq 

25 binding or complement activation. In the above assays, the P329A and the P331A mutants did "not 
activate complement and had decreased binding to C1q: The P331A mutant did not activate 
complementand was 60 fold lower in binding to Cfq (Fig. 3) when compared to wild type C2B8 (Fig)2). 
The concentration range of the antibody variants used ;in Fig. 3 is expanded to 1 0O^ig/ml in order tb 
observe saturation of C1q binding to the P331 A variant. The mutation P329A results in an antibody that 

30 does not activate complement and is more than a 100 fold lower in binding to Clq (Fig. 3) when 
compared to wild type C2B8 (Fig. 2). 

Mutants that did not bind to Clq and hence did not activate complement were examined for their 
ability to bind to the Fc receptors: FcyRI, FcyRlla, FcyRllb, FcyRllla and FcRn. This particular study was 
performed using a humanized anti-lgE antibody; ari lgGI antibody with these mutations (see Example 

35 1 above). The results revealed the mutants, K322A and P329A, bind to all the Fc receptors to the same 
extent as the wild type protein (Table 2). However, there was a slight decrease in the binding of P331A 
toFcyRllb 
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5 



In conclusion, two amino acid substitutions in the GOOH 5 terminal region of the CH2donr^ih of 
human lgG1 , K322A and P329A were identified that result in more than Ity 

and do not activate the CDC pathway: These two mutants; K322A and P329A r bindfe'|ail:Fc reiceptors/ 
with the same affinity as the wild type antibody Based on the results, summarized in Table 2, and 
withbut b<ein^ 

centered around K322, P329 and P331 and is different from thei, m 

constitutes E31 8, K320 and K322? (' '';/;'[■: 





wt 


E318A 


^K326A 


K322A 


P329A 


P331A 


CD20 


100 


89 . 


\Q2 


86t 


112 


; 103 


"FcyRI . 


100 


93 


102: • 


■ 90v 


. 104 . 


74 


a FcyRila ; 


100 


113 


94 


109 




86 


"FcyRllb J 


100 


106 


83 


101 


96; 


58 


a FcyRlir 


100 


104 


• 72 


90 


85 


73 - 


CDC 


100 


108 


108 


None 


hone 


none 



10 



15 



20 



25 



30 



a F6r binding to the FcyRs the mutants were made in the E27 background ; (anfrlgE). 
The results are; presented as a percentage of the wild-type. > ri 

A further residue involved ih binding human C.lq was identified usingVthe methods described in 

the present example. The residue D270 was replaced with lysine and valine to generate mutants D270K 

and D270V; respectively. These mutants both showed decreased binding to human C1 q (Fig. 6) and 

were non-lytic (Fig. 7). The two mutants bound the CD20 antigen normally and 

EXAMPLE 3 

Mutants *vlth Improved C1q Binding 

The following study shows that substitution of residues at positions K326; A327, E333 and;K334 

resulted in mutants with at least about a 30% increase in binding to Ctq yyhen compared tot^ 

antibody. This indicated K326, A327, E333 and- K334 are potential sites for improving i the efficacy of 

antibodies by way of the CDC pathway. The aim of this study Was to improve CDC activity of an 

antibody by increasing binding to C1q. By site directed mutagenesis at K326 and E333, several mutants 

with increased binding to C1q were constructed. The residues in order of increased binding at K326 are 

K<V<E<A<G<D<M<W, and the residues in order of increased binding at E333 are E<Q<D<V<G<A<S; 

Four mutants, K326M, K326D, K326E and E333S were constructed with at least a two-fold increase in 

binding to C1q when compared to wild type. Mutant K326W displayed about a five-fold increase in 

binding to C1q. 

Mutants of the wild type C2B8 antibody were prepared as described above in Example 2. A 
further control antibody, wild type C2B8 produced in Chinese hamster ovary (CHO) cells essentially as 
described in US Patent 5,736;137, was included in a C1q binding ELISA to confirm that wt C2B8 
produced in the 293 kidney cell line had the same C1q binding activity as the CHO-produced antibody 
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(see *CHO^ck$6 m in Fig. 8). ^*Q1 q assay , 
in this example were performed as described in; Example 2 above. 

As shown in Fig: 8~ alanine subsUtutoh af K320 v Srid-K in mutants with 
about a 30% increase in binding to C1q 
5 Several other single point mutants at K326 and E333 were constructed and assessed for their 

ability to bind C1 q and activate complement All the mufantston^ the GD20 

antigen. ' ;'\ ' ';"^:V^ 

With respect to K326; the other single poirt 

K326G f K326V, K326M and K326W: a better 

10 affinity than the wild type antibody.-^ at least a two-fold 
increase in binding to CI q (Table 3). Among the K326 mutants, K326W had the best affinity for C1q. * 
: / . ." . ■ 1teble3 :: - r : : Vv's 



Mutant 


ECso value 


Wild type 




K326V 


; : t:30 . . - 


K326A 


f-/. ; , , ~ 103 


K326E 


' Vl;08 .' ■ 


K326G 


'" •;• 095 . 


K326D 


" 0.76 


; K326M 


0 67 


K326W 


0:47 • 


E333S 


0.81 


E333A 


098 


E333G 


- <■■ /v: 0 r^:r:ivi4..; 


E333V 


1.18 


E333P 


. 1.22 


E333Q 


..' 1,52 , _ '• 


j K334A 


107 



Substitutions with hydrophobic as well as charged residues resulted in mutants with increased 
15 binding to C1q. Even substitution with glycine which is known to impart flexibility to a chain and is .well 
conserved in nature, resulted in a mutant with higher affinity. for.Clq when compared to the wild type. 
It would appear that any amino acid substitution at this site would result in a mutant with higher affinity 
for C1q As assessed from the three-dimensional structure, K326 and E333 are in the vicinity of the core 
C1q binding sites (Fig. 10). 

20 In addition to alanine, E333 was also substituted with other amino acid residues. These 

mutants. E333S, E333G, E333V, E333D, and E333Q, all had increased binding to Ciq when compared 
to the wild type (Fig. 11). As shown in Table 3, the order of binding affinity for C1q was as follows: 
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E333S>E333A*E333G>E333V*E333D>E3:^ amino acid residues with small side 

chain yoiufftes,/:e: I serine, Alanine; andf^lyan^ ^sult^in^ 

ccirnj3&^ E333Q; Themutant 

E333S had the highest affinity for C1q, showing a two-fold increase in binding when compared to the 
5 wild type. Without being bound to any one theory.lthis indicates the effecion C1q binding at 333 may 
^alsobe due in-part to the polarity of the residue. < / / 

Double mutants were also generated As shown in Figs 12 and ,13, double mutants K326M- 
E333S arid X326A-E333A were at least three-fold better at binding human CI q than wild type C2B8 (Fig. 
12) and at least two-fold better at mediating GDC Wm 13). Additivity 

10 indicates these are independently acting mutants; 

An additional double mutant K326W-E333S was generated Whlpft was six-fold better at binding 
human C1q and three-fold better at mediating CDC bo^^ This double mutant 

was deficient in ADCC activity in a cell-based assay. 

As shown in Fig 14, a further mutant with improved C1q binding (50% increase) was made by 
15 changing A327 in a human lgG1 constant region to glycinei. Conversely, in a human lgG2 constant 
region, changing G327 to alanine reduced Glq binding of the; lgG2 antibody 
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1. ' Ayariant of a polypeptide comprising a h^ 
an a^ho add s 

; 27Qi|322; ;^29|ahd:33i of the huirikh IgG?^ r^ues jn the IgbiFc ;c 

5 regioh is^thatof theEU index as in Kabat' ] ' / V T . , . r > . 

2.. The variant; of claim 1 having Pro329 of the human IgG Fc region substituted with 

•^nofi^ramirtq,;add:_:: ; '- ■/?■■< ' ^M.^ ^^r^/ . . V.,.. ''. ' <" ' ; , v . 

3 ' ^ The variant of claim 1- having : ^ 
another amino acid. *' . . .'• _ - # , r j . < . ^/v.^ : - 

10 4; ,, The variant of claim 1 wherein; ^ 

/ 5;. A ; the variant of claim 1 wherein the polypeptide comprises a human IgGI Fc region. 
Th^ variant of claim , 1 which does n 

8. The variant of claim 7 which binds; R^RI. F^ FcRn, 
15 9. A variant of a polypeptide comprising a human IgQ Fc^gion; which variant binds FJcyRI, 

FcyRII; FcyRIII and FcRn but does not activate complementand comprises anaminb acid substitution 
at amino acid position 322 or amino acid position 329, or both amino acid positions of the human IgG 
Fc r^gion^whcre the numbering of the residues in the IgG Fc region is that of the EU index as i:» Kabat 
10 A composition comprising the variant of claim 11 and. a physiologically acceptable earner. 
20 11.: A method for modifying a ^ly f^pUde cwnlp^ihg a human IgG Fc region comprising 

substituting ah amino acid residue at amino acid p6sitiph 270 or 329, or at two or more of amino acid 
: positions ;27Q;. 322, 329 and 331 of the human IgG Fc region, where the numbering of the residue in 
the IgG'Fd region ^ " 
Isolated nucleic acid encoding the variant of claim 1. 
25 13. A vector comprising the nucleic acid of ciairri 12. 

14. A host cell comprising the vector of daim 1 3. 

15. A process of producing an polypeptide variant comprising culturing the host cell of claim 
14 so that the nucleic acid is expressed. . *. A 

16. The process of claim 15 further comprising recovering the variant from the host cell 

30 culture. 

17. A method of treating a mammal suffering frorri a disordercomprising administering to 
the mammal a therapeuticallyeffective amount of a variant of a polypeptide comprising a human IgG Fc 
region, which variant binds FcyRI, FcyRII, FcyRIII and FcRn but does not activate complement and 
comprises in amino acid substitution at amino add position 270, 322, 329 or 331 of the human IgG Fc 

35 region, where the numbering of the residues in the IgG Fc region is that of the EU index as in Kabat 

18. A variantof a parent polypeptide comprising a human IgG Fc region, which variant hlas 
a better binding affinity for human C1q than the parent polypeptide and comprises an amino add 
substitution in the IgG Fc region. 
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' : i The variant of claim$ 

• tv^feidtir more 

20. Thtfvare^^ 
five-fold or more improved compared toithe^bihding affinity of 
5 21 . The variant of daim 18 whierein ^ complement dependent 

cell killing. - ■ y * ; 7\ , ■ * - 

V. 22. The variant of claim law 
or lgG3Fc region. 

r 23. The variant of daim 18 wherein the Fc 

' 10 region; /'.i.'^t ' . '■, j : ,-. '7' - ' .' -:, 

24. The variant of daim 1 8 - which ;comp an ;anruho * acid substitution at amino acid 

position 326 of the human IgG Fc region, wte^ 
that of the EU index as in Kabat. 

25. The variant of daim 24 Wherein the amino acid residue at amino acid position 326 is 
15 substituted with tryptophan. 

26. The variant of daim 18 v^ich'comprises an iaminb add substitution at amino acid; 
position 333 of the human IgG Fc region, where the numbering of the residues in the IgGFc region is 
that of #e £U index as in Kabat: ^I': 1 ^?"^'^!^ • ;""' : ;;A -;" " ' 

27; The variant of claim 18 : ^ 
20 position 334 of the human IgG Fc region; where 

that of the EU index as in Kabat :. v. - i ■■ . ■ r 

28. The variant of claim 18 which compri^ 
position 327 of the human IgG Fc region, where the numbering of residues in the IgG Fc region is that 
of the EU index as in Kabat 
25 29. The variant of daim 28 wherein the human IgG Fc region is a human lgG1 or lgG3 Fc 

region. 

30. The variant of daim 18 which comprises amino acid substitutions at two or more of 
amino acid positions 326. 327, 333 and 334 of the human IgG Fc region, where the numbering of the 
residues in the IgG Fc region is that of the EU ihdex as in Kabat: 
30 31 . The variant of claim 1 8 wherein the parent polypeptide comprises an antibody. 

32. A composition comprising the variant of claim 18 and a physiologically acceptable 

carrier. 

33. A variant of a polypeptide comprising a human IgG Fc region, which variant comprises 
an amino acid substitution at amino acid position 326. 327. 333 or 334 of the human IgG Fc region, 

35 where the numbering of the residues in the IgG Fc region is that of the EU ihdex as in Kabat 

34. The variant of claim 33 which comprises amino acid substitutions at two or more of 
amino acid positions 326, 327, 333 or 334. 

35. The variant of daim 34 which comprises amino add substitutions at three or more amino 
add positions 326, 327, 333 or 334. 
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36. The variant of claim 35 y^ich cdmpn^ amino a 
■ 326 t ?327^333;and . ;/ •' ■ 

37 A method for modifying a polypeptide comprising a human IgG Fc region composing 
substitutihgiah:am& a 

5 region where the numbering of the residues in the IgG fc region isthat of the EU index as in Kabat 
38. Isolated^nucJefe v r"f". 

39: A vector comprising the nucleic acid of claim 38: , . - ; >'..- : >.> 

40. A host cell comprising the vector of claim 39. 

41. Aprocessofpi^ 

10 40-so that the nucleic acid is expressed:" ; ; ;|£ /V."';^ .v--.^ - : v 

42. The process of 

culture. 

43. A method of treating a mammal suffering from a disorder comprising administering to 
the mammal a therapeutically effective amount of the variant of claim 18. 

15 44.. An immune complex comprising: 

(a) an Fc region-containing polypeptide; 

(b) a first target mdecule yrt^ binding sites for the Fc 
rF^icn-cohtaining polypeptide; and 7 ^ 

(c) a second target molecule which comprises at least two binding sites for the first 
20 target molecule. ; '■ ^s-j-vov '" .. J 'V .' * ' ; r? -'- ,v 

45. A method for determining binding of an analyte to a receptor comprising the following 
steps performed sequentially: 1 T 

(a) forming a molecular complex between the analyte and a first target molecule, 
wherein the first target molecule comprises at least two binding sites for the analyte; and 
25 (b) determining binding of the molecular complex of step (a) to the receptor. 

46. The method of claim 45 wherein the analyte is an Fc region-containing polypeptide- 

47. The method of claim 45 wherein the receptor is a low affinity receptor. 

48. The method of claim 45 whereih the receptor is an FcR. 

49. The method of claim 45 wherein the molecular complex of step (a) further comprises 
30 a second target molecule which comprises at least two binding sites for the first target molecule. 

50. A kit usef ul for determining binding of ah analyte to a receptor comprising: 

(a) a first target molecule which comprises at least two binding sites for the analyte; 

and 

(b) a second target molecule which comprises at least two binding sites for the first 

35 target molecule. 
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<I10>- "Genentech, 'inc.; ■//,.. ^.^^ i^:^'- • ^'^ ■•>'. '-. ; ;- 
<120> Polypeptide Variants / 

• <130> Pi266R2PCT- / ^'l^^ .. . X : >• 

5 <160> 2 \ • :? y* : . ' r ^i-^:^ 1 : '-' v ... .-'•-/: - :' 

• <2ip> l • : ; : : feliffl t ' *' . •v-" v ' f, . : y 

<2ii> 218 ' ' : - ' \J C: /".V : - * \ 

<212> PRT ' * ..." 

<2 13 > 'Artificial- Sequence^;" • z;-^ •: • 

10 <220> .. , . / • 

<22:1> Artificial Sequence 
<222> 1-218 ; 
<223> Sequence is completely synthesized 

<400> l . ;. \. \ 

15 Asp lie Gin Leu Thr Gln.Ser Pro Ser : Ser Leu Ser Ala Ser Val 

. . ; l 5 ■'■ 1,1 - 10: ' ' 15-, /..,•.,: 

Gly Asp Arg Val Thr lie Thr Cys . Argi^ai.Ser Lys Pro Val Asp 

20 : :• . \.v -:^ : ^ f-C2&^r'- :. . v ■ 30 

Gly Glu Gly Asp Ser Tyr Met . Ash. Trp Tyr Gin Gin Lys Pro Gly 

20 ^ 35 '/ \ ; :':;ip;. '/ 45 

Lys Ala Pro Lys Leu. Leu .lie Tyrr Ala {M.a;>Ser Tyr Leu Glu Ser 

50 55 ? 60 

Gly Val Pro Ser Arg Phe Ser Gly Ser -Gly Ser Gly Thr Asp Phe 

65 70 75 

25 Thr Leu Thr lie Ser Ser Leu Gin/ Pro Glu Asp Phe Ala Thr Tyr 

80 85 90 

Tyr Cys Gin Gin Ser His Glu Asp Pro Tyr Thr Phe Gly Gin Gly 

95 : 100 105 

Thr Lys Val Glu lie Lys Arg Thr Val Ala Ala Pro Ser Val Phe 

30 110 115 120 

He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser 

125 130 135 

Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val 

140 145 150 

35 Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu 

155 160 165 

Ser Val Thr Glu Gin Asp Ser Lys Asp .Ser Thr Tyr Ser Leu Ser 

170 175 180 

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val 
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Ty* Aik cys Glu ^ Ser Prb ; Val $hr 

Lys Ser ;Phe Asn :'-h^^fr9^y'' : 9^} ^^..-'' : 

5 215: : .: ' \"v . 

<2io> 2 ; " /;/,' \ ^•• : .v'V.\.-. v 

<211> 451 ■■'/. ' 

<212> PRT "\ v • . _ v ;.'...^-., : . ' 

<213> Artif icial isequence r 

10 <220> V'-.V. : ''-. s ' >x >" : -.J-'^-'Iv^ ,' 

<221> Artificial Se^exice f ^ ; 

<22-2> 1-451 ; , .; . ^-.r-'i^U^ ! " S V'- "-si-- ^t-'fi --Cg!-.^V : -- : --V-*^ .;• ;t . - ; • •'' . : .' " 

<223> Sequence is co^L^ 

<400> 2 -.v. 
15 Glu Val Gin Leu -Val Glu Ser Gl'y Qly Gly Leu Val Gin Pro Gly 

i -s .-. iQ . 15 . 

Gly Ser Leu Arg Leu Ser- 'Cys Ala Val * Ser Gly Tyr Ser He Thr : 

20 " ' " 1 'I 25 " • 30 

Ser Gly Tyr Ser Tip Asn Trp He Arg. Gin. Ala Pro. Gly Lys Gly 
20 35 40 45 

Leu Glu Trp Val Ala - Ser lie Lys Tyr Ser Gly Glu Thr Lys Tyr 
50 55 60 



Asn Pro Ser Val Lys Gly Arg lie Thr lie Ser Arg Asp Asp Ser 
65 70 75 

25 Lys Asn Thr Phe Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 

80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Gly Ser His Tyr Phe Gly His 
95 100 105 

Trp His Phe Ala Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser 
30 110 115 120 

Ser Ala Ser Thr Lys Gly- Pro Ser Val Phe Pro Leu Ala Pro Ser 
125 130 . 135- 

Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val 
140 145 150 

35 Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly 

155 160 165 

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser 
170 175 180 



Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser 
40 185 190 195 
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Ser Leu Gly Thr Gin Thr Tyr Il L e Cys Asri; Val Asn His Lys Pro 

200 : - / ; 'V-' ; 2Q5^":" : ': :. ' _ .-y 210 

L Ser Asn Thr Lys- ^ 

5 Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly 

""' r: t \ , 230 : .'/ '"\ -:^;235: ;' ; v/', . -240 

Gly Pro; Ser Val Pbe VL^'-jPhe f ;Pr6 • vPrri ili0^06, 'Leu* 
• ; ■ ' : ' ?r; '' ' :) • '. 245 ■y'2ioy)M '-; ., 255: 

Met lie Ser Arg : l^^Pro::GXu/Vjal' Thr^.cys 'Val- Val ; Val : Asp . Val 

10' v "-' 260 [ .-. ' y'; [ ']y ,/\-> ; f-.' y\,:' : .\\^2lS>: ■ ': 

■ Ser His- : Giu Asp, -P^ 

' 275- \ • : ., ^tfc^ ^"C, v ' : ""v ^\-2;a& : :.\- 

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg GiU .qlu Gin Tyr' 

' -290 *' • 295 . /v • 300 - - 

15 Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 

305 310 315 

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys: Lys Val Ser Asn Lys 
320 325 330 

Ala Leu Pro Ala Pro He Glu Lys Thr IlerSer ..Lys Ala Lys Gly 
20 335 340 I' 345 

Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu \ 
350 355 36Q 

Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly 
365 370 ' 375 

25 Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin 

380 3 85 390 

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro. Val Leu Asp Ser Asp 
395 400 , 405 

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
30 410 415 420 

Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala 
425 430 435 

Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 
440 445 450 

35 Lys 
451 
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